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Remarks 

The Examiner's Office Action mailed September 9, 2003 and the references cited therein 
have been reviewed. In this response, Applicant's claims 1-28 have been canceled and new claims 
29-61 have been added. Applicant requests that the application be reexamined and reconsidered in 
view of these amendments and further in view of the following remarks. 

In the Office action mailed September 9, 2003, the Examiner rejected Applicant's claims as 
follows: (a) Claims 1, 3-5 and 10-13 were rejected under 35 U.S.C. § 103(a) as being unpatentable 
over The Journal of Food Science article entitled "Steam Surface Pasteurization of Beef 
Frankfiirters," 1994, 59(1) 1-5; (b) claims 6-8, 14-16, and 23 -25 were rejected under 35 U.S.C. § 
103(a) as being unpatentable over the Journal article in view of U.S. Patent No. 5,952,027, issued 
to Singh; (c) claims 9 and 17 were rejected under 35 U.S.C. § 103(a) as being unpatentable over the 
Journal article in view of U.S. Patent No. 5, 101 fill, issued to Taguchi, et al; (d) claims 1 8-2 1 were 
rejected under 35 U.S.C. § 103(a) as being unpatentable over Singh; (e) claim 22 was rejected under 
35 U.S.C. § 103(a) as being unpatentable over Singh in view of Taguchi, et al.; (f) claim 26 was 
rejected under 35 U.S.C. 102(b) as being anticipated by the Journal article; (g) claim 27 was rejected 
under 35 U.S.C. § 103(a) as being unpatentable over the Journal article; and (h) claim 28 was 
rejected under 35 U.S.C. § 103(a) as being unpatentable over ih^ Journal article in view of Taguchi, 
et al. 
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Applicant's claims 1-28 have been canceled and replaced with new claims 29-61. 

Applicant's New Claims 29-61 

Applicant's claims 29-39 call for a surface pasteurization process for precooked food 
products wherein (a) the outer surface of the food product is exposed to infrared energy by 
continuously conveying the product through an infrared oven and then (b) the product is packaged. 
The infrared pasteurization step is conducted such that there is no substantial change in the color of 
the product. Claim 29 also requires that substantially no additional heating of the food product occur 
between the infrared treatment step and the packaging step. Claim 30 requires that no intervening 
cooling step be performed and claim 31 states that there is substantially no increase in core 
temperature. Claims 32 and 33 require at least a 3 log reduction in surface bacteria and claims 34 
and 35 call for infrared oven temperatures of at least 700 or 750 °F. 

Applicant's new claims 40-49 call for a surface pasteurization process wherein a precooked 
food product is exposed to infrared energy by continuously conveying the food product through an 
infrared oven. The infrared oven comprises infrared elements positioned in a manner effective for 
substantially surrounding and directly irradiating all of the food product laterally as the food product 
is conveyed through the oven. Claim 43 requires that the oven include infrared elements positioned 
adjacent the sides of the product. Claim 44 provides that there be substantially no change in product 
surface color. Claim 49 provides that there is substantially no increase in core temperature. Claims 
45 and 48 require, respectively, that no intervening heating step or cooling step be performed prior 
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to packaging. Claim 46 calls for at least a 3 log reduction in surface bacteria and claim 47 calls for 
an infrared oven temperature of at least 700 °F. 

Applicant's new claims 50-61 also call for a surface pasteurization process wherein a 
precooked food product is exposed to infrared energy by continuously conveying the food product 
through an infrared oven. Claim 50 requires that the infrared oven include: a conveyor which 
continuously conveys the product through the infrared oven; a plurality of arched lateral upper 
infrared elements extending over the conveyor belt; and a plurality of lower infrared elements 
positioned beneath the belt. Claim 5 1 states that the lateral upper infrared elements have an inverted 
U-shape. The requirements of claims 52, 53, and 55-61 are similar to those of claims 41, 42, and _ 
44-49. Claim 54 requires that the upper and lower infrared elements substantially surround the food 
product laterally. 

The References Cited in the Office Action Mailed September 9. 2003 
The Journal article cited in the Examiner's Office action mailed September 9, 2003 discloses 
a process for reducing surface bacterial contamination on beef frankfurters wherein the frankfurters 
are subjected to a flash steam heating procedure in a noncontinuous pressurized chamber followed 
immediately by an evaporative cooling step. In addition, the article indicates that the color of the 
frankfurters was noticeably changed. The resulting color difference is said to have later diminished 
in some way over an extended storage period. 
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Taguchi, et al. disclose a "method for sterilizing and packaging solid foods" wherein the solid 
food product (e.g., cooked rice, noodles, pasta, or vegetable and meat mixtures") are placed in a 
perforated retainer and are then heated throughout (see e.g., col. 3:10-15), i.e., from surface to core, 
with steam in a noncontinuous pressurized heating chamber. The product must then be cooled in 
the retainer prior to being transferred to a sterile package. 

The Singh patent discloses a method for browning and crisping precooked whole muscle 
meat products which significantly changes the color and other surface characteristics of the product. 
The precooked product is dipped or drenched in liquid smoke or other browning agent and is then 
subjected to an energy source of a type and in a manner effective for causing the Maillard browning 
reaction to occur in the product surface. The patent teaches that the energy source will preferably 
be either a circulating air or impinging air oven and the browning time will preferably be such that 
increases in the internal temperature of the product are minimized. The patent also suggests that 
laser light, microwave energy, or infrared radiation could be used for browning the product and 
includes an example (Example 5) wherein a turkey breast was browned by exposure to what appears 
to have been a noncontinuous, medium range infrared radiation source. The highest browning 
temperature disclosed is 570 ""F (see Example 1) and the patent teaches that the preferred maximum 
temperature is 554°F (290°C). The browning process also preferably includes the step of removing 
purge material from and drying the product surface prior to application of the browning agent. The 
patent states at Col. 4, 12-14 that circulating hot air or infrared radiation could be used in the drying 
step. 
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The Singh patent does not discuss or suggest any packaging, cooling, or other steps following 
the browning procedure. Nor does Singh suggest any adaption or modification of the browning 
process whereby the browning process could be effectively used to produce browned packaged 
products which are adequately surface-pasteurized for sale. Nor does Singh disclose or suggest (a) 
a continuous infrared oven which is either constructed or operated in the manner called for in 
Applicant's claims or (b) any other type of continuous infrared oven. 

Supplemental Information Disclosure Statement 

Li conjunction with this Amendment and Response, Applicant has submitted a Supplemental 
Information Disclosure Statement describing the "Unitherm browning process." The Unitherm 
browning process is the process described and claimed in the Singh patent. The Unitherm browning 
process was developed by Applicant and has been on-sale in the U.S. since 1993. The Supplemental 
Information Disclosure Statement also includes a copy of a summary judgment Order entered by 
Chief Judge Robin J. Cauthron of the U.S. District Court for the Westem District of Oklahoma 
finding all of the claims of the Singh '027 patent invalid in view of the Unitherm browning process. 

In the Unitherm browning process, precooked whole muscle turkey breasts and other 
products are removed from their cooking bags and are preferably then first conducted through a 
continuous infrared oven, solely for the purpose of melting purge material from and drying (i.e., 
removing free moisture from) the product surface. After purge removal, the product is dipped in or 
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deluged with liquid smoke of other browning liquid and conveyed through a browning oven. The 
product is then subjected to an intervening chilling step prior to packaging. 

The infrared purge removal and drying step of this browning process has been used solely 
for melting purge and removing free moisture from the product surface, not for surface 
pasteurization. Moreover, the infrared oven uses only upper infrared elements and does not have any 
elements under the belt for irradiating the bottom of the product. The positioning of elements 
beneath the belt has not been necessary for purge removal and drying. Moreover, the positioning of 
elements beneath the belt would pose a serious safety hazard because the lower elements would 
ignite the purge material as it drips from the product. 

Also submitted with Applicant's accompanying Supplemental hiformation Disclosure 
statement are copies of: (a) Ginzburg, "Application of Infra-red Radiation in Food Processing" 
disclosing an infra-red meat curing process which significantly heats the interior of the product, dries 
the product out, and darkens the product considerably; (b) Dagerskog, "hifra-Red Radiation for Food 
Processing H, Calculation of Heat Penetration During Infra-Red Frying of Meat Products" wherein 
infra-red radiation is used for flying meat; and (c) Hallstrom, et al., "Heat Transfer and Food 
Products" involving radiant cooking procedures resulting in significant heat import and product color 
change. The Hallstrom et al. article includes a diagram (Fig. 5.39) of a continuous infrared oven 
with elements above and below the conveyor; however, the elements do not surround the product, 
none of the elements are arched, and the bottom of the product is shielded by a pan in which the 
product is carried during the cooking operation. 
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The Cited References Neither Disclose Nor Suggest Numerous 
Key Features Called For In The Pending Claims 

In view of the above, Applicant respectfully submits that the references cited in the Office 

action mailed September 9, 2003 and the additional references discussed herein neither disclose nor 

suggest several key features called for in claims 29-61. Examples of such features include, but are 

not limited to: 

1. Surface pasteurizing a precooked food product as called for in claims 29-39 by 
exposing the outer surface of the food product to infrared energy in a manner such 
that substantially no change in color is produced and then packaging the product with 
no intervening heating step. 

2. Surface pasteurizing a precooked food product as called for in claims 40-49 and 54 
by continuously conducting the product through an infrared oven having elements 
which substantially surround and directly irradiate the product laterally. 

3. Surface pasteurizing a precooked product by conveying the product through an 
infrared oven of this type having infrared elements which are positioned adjacent to 
and which directly irradiate the sides of the product. (Claim 43) 

4. Surface pasteurizing a precooked product as called for in claims 50-61 by 
continuously conveying the product through an infrared oven have a plurality of 
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arched lateral upper infrared elements positioned over the conveyor and a plurality 
of lower infrared elements positioned below. 

5. The use of a continuous infrared oven of this type wherein the arched lateral upper 
infrared elements have an inverted U-shape. 

6. Continuous infrared surface pasteurization processes, for precooked products, of the 
types called for in claims 30, 48, and 59 wherein no intervening cooling step is 
performed prior to packaging. 

7. A continuous infrared surface pasteurization process of this type wherein 
substantially no core temperature increase occurs. (Claims 31, 49, and 60) 

8. Continuous infrared surface pasteurization processes, for precooked products, of the 
types called for in claims 32, 33, 46, and 55 wherein at least a 3 log reduction in live 
bacteria on the surface is achieved. 

9. Continuous infrared surface pasteurization processes, for precooked products, of the 
types called for in claims 29, 45, and 55 wherein substantially no additional heating 
of the food product occurs prior to packaging. 

10. A continuous infrared surface pasteurization process for precooked products wherein 
the infrared oven is operated at a temperature of at least 700°F or at least 750°F 
(Claims 34, 35, 47, 56, and 58) and/or a residence time of not more than two minutes 
(Claim 58). 


PATENT 


Attorney Docket No.: Unitherm-2 (00-627) 
Amendment and Response to Office Action 

Page 21 


11. A continuous infrared surface pasteurization process for precooked products wherein 
the bottom of the food product is directly irradiated through the oven belt. (Claims 
41,42, 52, and 53) 

12. Continuous infrared surface pasteurization processes of the type called for in claims 
44 and 61 for precooked products wherein substantially no change in surface color 
occurs. 

The Inventive Process Also Satisfies A Recognized And Persistent Need In The 
Industry. Provides Unexpected And Surprising Results. And Has Already Shown 

Impressive Commercial Success 

In addition to the above, Applicant's inventive surface pasteurization process satisfies a 
recognized, persistent need in the industry and provides unexpected and surprising results. The 
inventive continuous infrared process for precooked food products has also shown impressive 
commercial success and has proven to be so surprisingly effective that it is now recognized and 
recommended by the USDA Food Safety Inspection Service. 

Included with this response are: (a) an affidavit of the inventor David Howard; (b) a 
published study of the inventive infrared surface pasteurization process by N. Gande and P. Muriana 
entitled "Prepackage Surface Pasteurization of Ready-to-Eat Meats with a Radiant Heat Oven for 
Reduction of Listeria monocytogenes^'' Journal of Food Protection, Vol. 66, No. 9, 2003, Pages 
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1623-30. (Howard Affidavit Exhibit 1); and (c) a copy of the recent USDA Food Safety Inspection 
Service (FSIS) compliance guidelines to control Listeria monocytogenes in post-lethality exposed 
ready-to-eat meat and poultry products. (Howard Affidavit Exhibit 2) 

As seen in these items and as more fiiUy explained in the Howard Affidavit, a long-felt need 
has been recognized in the industry for an effective surface pasteurization process for precooked 
ready-to-eat foods which does not substantially affect the color or other characteristics of the 
product. As early as 1996, the USDA-FSIS and the Food and Drug Administration (FDA) issued 
zero tolerance requirements for Listeria monocytogenes in ready-to-eat foods. However, the 
approaches used heretofore have clearly not been adequate. Illnesses, deaths, and large recalls of 
ready-to-eat foods have continued to occur due to ongoing contamination problems. Moreover, fi"om 
1998 to 2001, the FSIS sampling program for ready-to-eat foods showed continuing Listeria 
monocytogenes incidents rates of 5.7% for sliced luncheon meats, 4.4% for small diameter sausages 
and hot dogs, and 3.1% for roast beef (See Howard Affidavit Exhibit 1, page. 1623.) 

As to why the procedures developed and used heretofore in the industry have proven 

inadequate, it is important to note that the tests performed by Gande and Muriana showed that kill 

rates for surface bacteria could not be accurately predicted based solely upon single point or even 

multi-point surface temperature readings. 

It is clear fi-om various high surface temperature measurements we obtained that the 
accompanying microbial reduction was not in line with what would be expected on 
the basis of extrapolation from D-values (decimal reduction times) for the inoculated 
pathogens. Unlike the heating of fully cooked products to a specific internal 
temperature so that the entire product fi*om the center outward has reached at least 
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the target temperature, brief surface heating may not necessarily penetrate all of the 
cuts, folds, and crevices that can be accessed by bacteria, and therefore single-point, 
or even multi-point, temperature readings for the outermost surface may be of limited 
practical application. (Id. at 1627) 

The unexpected success of the inventive infrared surface pasteurization process for achieving 
necessary kill rates and satisfying other product characteristic objectives for treatment of precooked 
ready-to-eat products are confirmed in the Gande and Muriana study and are discussed in the 
Howard Declaration in detail. These results are also confimied and corroborated by the adoption of 
the inventive prepackage surface pasteurization process in the FSIS guidelines for control of Listeria 
monocytogenes in post-lethality exposed ready-to-eat meat and poultry products. (Howard 
Declaration Exhibit 2, see pgs. 1-4 and 10-11) 

In addition to adopting the inventive process, the guidelines expressly provide that food 
processors can use the published Gande and Muriana research study of the inventive process as 
validation provided that the equipment and conditions used correspond to the Unitherm equipment 
and conditions which were used in the study and are called for in Applicant's claims. (Id, at pages 
4, 10, and 11) Moreover, the inventive process is the only prepackage surface pasteurization process 
adopted in the guidelines and processors choosing to use other prepackage surface pasteurization 
processes must perform their own scientific validation studies showing acceptable reduction of 
Listeria monocytogenes. (Id. at pg. 4) 

The non-obviousness of the inventive infrared surface pasteurization process is also 
confirmed by the impressive commercial success achieved thus far. As set forth in the Howard 
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Declaration, the inventive process and the specific continuous infi-ared oven therefor manufactured 
by AppHcant's company, Unitherm Food Systems, Inc., were first offered to the industry for sale and 
use in 2002. Unitherm's promotional activities related thereto have also been minimal, consisting 
only of displays at two trade shows and a single trade journal advertisement costing about $15,000. 

Despite this meager promotional effort, Unitherm's sales of single lane and double lane oven 
systems fi^om 2002 to the present date have amounted to total sales of 44 processing lanes. At the 
most recent of the two above-mentioned trade shows held October 29-31, 2003, inquiries for the 
potential sale of a total of 60 additional processing lanes were received. 

In view of the above, Applicant respectfiilly submits that all of AppHcant's claims 29-61 are 
in condition for allowance. Applicant therefore requests that any and all of the Examiner's rejections 
and objections be withdrawn and the Examiner allow claims 29-6 1 . 
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This paper is intended to constitute a complete response to the Office action mailed 
September 9, 2003. 

RespectfiiUy submitted, 
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DECLARATION OF DAVID HOWARD 
I, David Howard, declare that the following statements are based on my personal 
knowledge and that they are true to the best of my knowledge and belief 

1 . I am the President and custodian of records of Unitherm Food Systems, Inc. ("Unitherm") 
and am the inventor in the above-referenced patent application. 

2. Attached hereto as Exhibit 1 is a study by Gande and Muriana entitled "Prepackaged 
Surface Pasteurization of Ready-to-Eat Meats With a Radiant Heat Oven for Reduction of 
Listeria Monocytogenes" published in 2003 in The Journal of Food Protection, Vol. 66, No. 9, 
pgs. 16, 23-30. This study embodied and confirmed the effectiveness of the infrared surface 
pasteurization process now called for in the claims of the above-referenced application and now 
also being sold by Unitherm. 


3. As with the infrared process claimed in this patent application, the process tested and 
procedures used in the Gande and Muriana study involved the following: 

a. The surface pasteurization of various types of precooked, ready- to-eat food 
products inoculated with Listeria monocytogenes, including, for example, 
precooked, ready-to-eat products such as whole and split rounds of roast beef, 
whole corned beef logs, formed deli ham, whole muscle deH ham, and turkey 
bologna. Each of the roast beef, corned beef, and ham product items weighed in 
the range of from 4 to about 13 pounds and the turkey bologna was processed in 
2-pound sections. 

b. Conveying the inoculated food items through a Unitherm electric infrared oven 
which was operated at an 80% setting (475 ""F) for the turkey bologna product and 
was operated at full power (750 °F) for all of the other products tested. As 
confirmed by the photographs provided in Figs. 1 A, B, and D and Figs. 2C and D, 
the Unitherm electric infrared oven used in the study corresponded in all relevant 
respects to the infrared oven described in the specification and shown in the 
drawings of the application and as called for in the claims. The infrared oven was 
a continuous oven comprising: an elongate housing having inverted U-shaped 
inlet and outlet openings; a stainless steel wire conveyor belt; a series of lateral 
inverted U-shaped infrared elements extending over the carrying run of the 
conveyor; and a series of lateral lower infrared elements positioned beneath the 
carrying run. The upper and lower infrared elements substantially surround the 
food products laterally as they are conveyed through the oven and are effective for 


directly irradiating the entire outer surface of each food product with infrared 
energy as the food product travels through the oven. 

4. The tests performed by Gande and Muriana on contact-inoculated hams involved oven 
processing times of only 45-75 seconds and yielded 2.7 to 3.9 log reductions in live bacteria on 
the product surfaces. Processing times of from only 60-90 seconds for contact-inoculated roast 
beef yielded 2.5 to 3.8 log reductions in surface bacteria. 

5. The tests by Gande and Muriana described in the study produced no discemable changes 
in product color. 

6. Gande and Muriana concluded and confirmed that this surface pasteurizing process is 
effective for reducing incidental contamination that may be acquired during post-processing 
handling and is particularly effective for use just prior to packaging. The product will most 
preferably be packaged while still hot immediately following the inventive surface pasteurization 
procedure. 

7. The pubUshed study of Gande and Muriana also documents and confirms both (a) the 
recognized and persistent long felt need for a truly effective prepackage surface pasteurization 
process for ready-to-eat foods and (b) the unexpected and surprising success of the process 
claimed in this patent application for achieving the needed results. 
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8. As additional evidence showing the scientific and commercial success of the inventive 
process as well as the successfulness of the inventive process in addressing the long-felt need for 
an effective prepackaged surface pasteurization procedure for ready-to-eat meats, attached hereto 
as Exhibit 2 is a copy of recent compliance guidelines issued by the USDA-Food Safety 
Inspection Service (FSIS) to control Listeria monocytogenes in post-lethality exposed ready-to- 
eat meat and poultry products. The requirements of the final rule provide three altemative 
lethality treatments which ready-to-eat meat and poultry processing plants can use in their 
mandatory control programs for Listeria monocytogenes. The guidelines cite the claimed 
prepackage infi-ared surface pasteurization process, now sold by Unitherm, as a preferred 
procedure coupled with a post-packaging water bath and cite the Gande and Muriana study as an 
acceptable reference which processors can use for validation of their use of the process. (See 
pages 1-4, 10, and 11.) The inventive infrared procedure is the only prepackage process 
recommended in the guidelines. Processors electing to use other procedures must first confirm 
through appropriate validation studies that such other procedures are also effective for achieving 
the required reduction of Listeria monocytogenes. (Page 4.) 

9. Additional tests and demonstrations performed by Unitherm as well as the successftil 
operation of the inventive process by Unitherm's customers also confirm the effectiveness of the 
inventive process for achieving the desired results without substantially changing the color or 
other surface characteristics of the products and without increasing the product core temperature. 


10. The continuous infrared ovens manufactured by Uni therm for use in the inventive 
process are of two basic types. The first is a single processing lane oven of the type depicted in 
the application drawings having only a single processing tunnel and conveyor. The other is a 
double processing lane oven which is essentially the same as the single lane oven except that it 
includes two parallel processing tunnels and conveyors. 

1 1 . Unitherm began offering the inventive surface pasteurization process and its infrared 
ovens therefore to the market beginning in 2002. Since beginning sales in 2002, the number of 
ovens sold by Unitherm for commercial use in the inventive infrared surface pasteurization 
process total 44 processing lanes. 

12. As further evidence of the recognized long-felt need for the inventive process and its high 
level of commercial success, Unitherm 's promotional expenditures pertaining to the inventive 
process and its infrared oven systems for use in the process have been minimal. Since beginning 
sales of the pasteurizing process and oven in 2002, Unitherm has promoted the process and oven 
at only two trade shows. As for advertising, Unitherm's only expenditure has been $15,000 for a 
one-half page advertisement in a trade magazine. The most recent of the two trade shows where 
the pasteurizing process and infrared oven were presented was held October 29-31, 2003. 
Unitherm is currently processing inquiries received at the October 29-31, 2003 trade show 
amount to the potential sale of a total of 60 additional processing lanes. 
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I declare that all statements made herein of my own knowledge are true, all statements 
made herein on information and belief are believed to be true, and further that these statements 
were made with the knowledge that willful false statements and the Hke are punishable by fine or 
imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of the appUcation 
or any patent issuing thereon. 


DAVID HOWARD 



(Signature) 
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Prepackage Surface Pasteurization of Ready-to-Eat Meats with a 
Radiant Heat Oven for Reduction of Listeria monocytogenes 

NANDITHA GANDE» and PETER MURIANA* 2* 

^Department of Animal Science and ^Oklahoma Food and Agricultural Products Research and Technology Center, Oklahoma State University, 

Stillwater, Oklahoma 74078-6055, USA 

MS 02-427: Received 26 November 2002/Accepted 26 March 2003 
ABSTRACT 

In this paper, a thermal process for the surface pasteurization of ready-to-eat (RTE) meat products for the reduction of 
Listeria monocytogenes on such products (turkey bologna, roast beef, corned beef, and ham) is described. The process involves 
the passage of products through a "tunnel" of heated coils on a stainless steel conveyor belt at various treatment times relevant 
to the manufacture of processed meat for the surface pasteurization of RTE meat products. Two inoculation procedures, dip 
and contact inoculation, were examined with the use of a four-strain cocktail of L monocytogenes prior to heat processing. 
With the use of radiant heat prepackage surface pasteurization, 1.25 to 3,5-log reductions of L monocytogenes ^tit achieved 
with treatment times of 60 to 120 s and air temperatures of 475 to 750°F (246 to 399°C) for these various RTE meats. 
Reduction levels differed depending on the type of inoculation method used, the type of product used, the treatment temper- 
ature, and the treatment time. Prepackage pasteurization (60 s) was also combined with postpackage submerged water pas- 
teurization for formed ham (60 or 90 s), turkey bologna (45 or 60 s), and roast beef (60 or 90 s), resulting in reductions of 
3,2 to 3.9, 2.7 to 4.3, and 2.0 to 3.75 log cycles, respectively. These findings demonstrate that prepackage pasteurization, 
either alone or in combination with postpackage pasteurization, is an effective tool for controlling L. monocytogenes surface 
contamination that may result from in-house handling. 


Listeria monocytogenes is a significant food borne path- 
ogen that is capable of causing foodbome illnesses that may 
simulate flulike conditions (i.e., listeriosis). Serious infec- 
tions can further lead to abortions in pregnant women and 
meningitis. Mortality rates can reach 25 to 30% overall in 
large outbreaks and may even be as high as 50% (septi- 
cemia) to 70% (meningitis) for primary infected individuals 
or >80% for perinatal-neonatal infections. Consequently, 
both the U.S. Department of Agriculture's Food Safety and 
Inspection Service (USDA-FSIS) and the U.S. Food and 
Drug Administration (FDA) have issued a zero tolerance 
for this pathogen in ready-to-eat (RTE) foods, declaring it 
an "adulterant" and "added agent" harmful or injurious to 
consumers (15). 

L monocytogenes is widespread in the environment 
and has been found in plants, soil, animals, water, silage, 
and other processing environment sources. The organism is 
heat and salt tolerant, can form biofilms on food processing 
equipment f/Oj, and has the ability to grow at refrigeration 
temperatures. Like many animal -associated pathogens, L. 
monocytogenes can gain entry into meat processing facili- 
ties through contaminated carcasses and/or boxed beef, 
poultry, or other meats (14). Epidemiological studies indi- 
cate that L monocytogenes is often transferred through 
cross-contamination from employees, drains, standing wa- 
ter, residues, floors, and food contact surfaces, suggesting 
that a finished RTE product can readily acquire L mono- 
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cytogenes contamination prior to final packaging while the 
product is exposed to environmental contamination (9, 12). 
Thus, sanitation programs are critical in controlling the 
pathogen in processing environments. 

Foods typically associated with listeriosis are foods 
that are highly processed and have an extended shelf life, 
foods such as RTE processed meats (6). L monocytogenes 
can be found in the environments of food processing facil- 
ities, and therefore its elimination from these types of fa- 
cilities is of particular concern to manufacturers of RTE 
meats. Alarmingly, the results of USDA-FSIS RTE meat 
sampling program from 1998 to 2001 showed L monocy- 
togenes incidence rates of 5.7% for sliced luncheon meats, 
4.4% for small-diameter sausages (hot dogs), and 3.1% for 
cooked roast beef. Since being labeled as an adulterant of 
RTE foods, L. monocytogenes has been involved in nu- 
merous product recalls, foodborne illnesses, and even 
deaths due to the consumption of contaminated RTE meat 
products (1-3). One of the largest outbreaks arising from 
postprocessing contamination of RTE meats, occurring in 
1998, involved a large manufacturer of hot dogs and lun- 
cheon meats and resulted in 21 deaths and >100 illnesses 
in 14 states, leading to the recall of 35,000,000 lb of hot 
dogs and deli meats (I, 2). 

Postprocessing contamination of RTE meats with L. 
monocytogenes has become a major concern to the value- 
added processed-meat industry, and surface pasteurization 
is becoming an effective means for reducing the risk posed 
by such products. Much of the research on meat surface 
pasteurization has been related to steam pasteurization (i.e., 
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Fiigoscandia, Inc., a manufacturer of equipment for surface 
pasteurization using steam) of exposed raw beef carcass 
surfaces to reduce the incidence of Escherichia coli 0157: 
H7 that might end up in trimmings and ground beef (4). 
The Listeria problems currently encountered in the RTE 
processed meat industry are the result of a combination of 
(i) Listeria contamination from the processing environment 
and from workers and (ii) a high degree of postprocessing 
product exposure to potential contamination sources and 
handling practices that could allow incidental surface con- 
tamination (worker handling, removal of deli products from 
cook-in bags, exposed product on trays or carts wheeled 
into smokehouses, etc.). Various technologies and ap- 
proaches to help reduce the risk of postprocessing contam- 
ination have emerged, including chemical-antimicrobial 
treatments (5, II, 13), irradiation (not yet approved for RTE 
meats) (16), and thermal processes such as postpackage 
submerged water pasteurization (7, 8), These techniques 
can be used either individually or in combination to pro- 
duce a "hurdle" effect on pathogen contaminants. To pro- 
vide a solution to this problem, we have been studying sur- 
face pasteurization as a convenient and effective means of 
reducing incidental contamination on product surfaces im- 
mediately before (prepackage) or after (postpackage) final 
packaging. Postpackage pasteurization (7) has already been 
implemented by several large meat processors. The objec- 
tive of this work was to investigate the effectiveness of a 
radiant heat oven for the prepackage surface pasteurization 
of RTE deli meats as a means of controlling L monocy- 
togenes on fully cooked meat products (turkey bologna, deli 
ham, corned beef, and roast beeO- 

MATERIALS AND METHODS 

Bacterial strains. A mixture of four strains of L monocy- 
togenes (Scott A-2, serotype 4b; V7-2, serotype l/2a; 39-2, retail 
hotdog isolate; 383-2, ground beef isolate) was used for the in- 
oculation trials. These strains were made resistant to streptomycin 
(100 |xg/ml; Sigma Chemical Co., St. Louis, Mo.) and rifamycin 
S/V (10 M-g/ml; Sigma) and were plated on general-purpose agar 
(tryptic soy agar [TSA]; Difco, Becton-Dickinson, Franklin Lakes, 
N.J.) containing these antibiotics when they were selectively plat- 
ed for the inoculum cultures. This approach allows the recovery 
of viable and heat-injured cells without the need for harsh selec- 
tive media that may prevent the growth of heat-injured cells (e.g., 
modified Oxford agar) or in lieu of indigenous contaminating bac- 
teria. For the culturing of the bacterial strains, 100 m-1 of thawed 
frozen culture was transferred to 10 ml of brain heart infusion 
(BHI) broth and incubated overnight at 30°C\ each of the four 
cultures was then transferred individually to 40 ml of BHI culture 
and later combined (for a total volume of 160 ml) prior to their 
use in the dip inoculation treatment. For surface contact inocula- 
tion, overnight cultures were mixed in equal proportions, and the 
mixture (100 ^jlI) was surface plated onto tryptic soy agar (TSA) 
that was held overnight at 30°C. 

Product inoculation. Samples of roast beef (whole and split 
rounds), corned beef (whole logs), and ham (formed and whole 
muscle) generally weighed 4 to 13 lb (1.8 to 5.9 kg), and turkey 
bologna samples were composed of ^2-lb sections. Except for 
two lots of roast beef (received fro7xn and allowed to thaw), all 
products were received fresh and refrigerated from commercial 


processors as they would normally be shipped for sale to retailers 
without the additional thermal processing. The products were 
stored at 3*'C (37,4''F) upon receipt and were removed from re- 
frigerated storage just prior to inoculation, so the internal tem- 
perature was the same. Immediately before they were used, prod- 
ucts were taken from refrigerated storage, removed from their 
packaging wrap, and inoculated with L tnonocytogenesby the dip 
inoculation method or by a contact inoculation method. Control 
samples were also inoculated for each replication trial but were 
not heated; these samples were used to determine the basal re- 
covery level for the inoculated microorganisms. 

For the dip inoculation method, ca. 160 ml of a four-strain 
mixture (i.e., 4 X 40 ml) of L monocytogenes was placed in a 
stainless steel bowl into which individual product pieces were 
dipped and rotated until all exposed surfaces had been wetted with 
the mixed culture. Product pieces were then placed on a sterile 
tray for 5 min to allow excess culture to drain off and were then 
placed on a conveyor belt leading into the radiant heat oven. With 
the use of the dip inoculation method, inoculation levels of ca, 1 
X 10^ to 3 X 10^ CFU per product were typically achieved, as 
determined by recovery from inoculated but unheated control 
samples. 

For the contact inoculation method, sponge-foam padding 
material (ca. 5 to 6 cm thick) was cut to the shape of a petri plate, 
autoclavedin foil -cove red beakers, and used to pick up the mixed- 
strain inoculum lawn from inoculated petri plates after overnight 
incubation on agar plates with the use of a contact and twist mo- 
lion. The inoculum was then contact inoculated onto the surface 
of the product with the same twist motion. The inoculated product 
was then placed on the conveyor leading into the radiant heat 
oven. As determined from nonheated control samples, the contact 
inoculation method also provided initial L monocytogenes \cvch 
of 1 X 10^ to 3 X 10^ CFU per product sample. 

Prepackage pasteurization with a radiant heat oven. A 

radiant heat oven (480 V, 30 A; Infrared Grill) was obtained from 
Unitherm Foodsy stems (Bristow, Okla.) and installed in our path- 
ogen processing pilot plant (Fig. 1 A and IB). The oven consisted 
of a stainless steel conveyor belt with heating elements positioned 
above and below it (Fig. 1). Heating coils had 12 in. (30.5 cm) 
of lateral clearance at the level of the conveyor belt and 8 in. 
(20.3 cm) of vertical clearance above the belt; separate bottom 
coils were positioned 5 in. (12.7 cm) below the belt. The coils 
themselves were spaced 2.5 to 3 in. (6.3 to 7.6 cm) apart. Inoc- 
ulated product pieces were passed through the radiant heat oven 
(Fig. 1) for various treatment times at full power (no. 5 dial setting 
for ham and roast beet) or 80% power (no. 4 dial setting for turkey 
bologna). Products were processed for treatment times of 45 to 
120 s depending on the resilience of the product and the through- 
put requirements of the product's processors; treatment times were 
adjusted by altering the speed of the belt. Product logs were placed 
lengthwise on the belt. Half rounds of roast b>eef were pasteurized 
both with the cut face facing the end of the oven and with the cut 
face facing to one side. After passage through the oven, product 
samples were placed into a sterile bag, chilled in an ice- water 
slurry, and rinsed with a chilled sterile diluent (50 ml of 0.1% 
buffered peptone water) to recover cells for microbial analysis 
(usually within 15 to 20 min); inoculated but unheated control 
samples were treated similarly. The same procedure was used for 
all meat samples. 

Postpackage surface pasteurization. Postpackage surface 
pasteurization of fully cooked deli ham, roast beef, and turkey 
bologna was carried out as described previously with a 50-gal 
(189-liter) steam-injected temperalure-contrdled water bath (7), 
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FIGURE 1. Vie radiant heat oven used in 
this study. (A) Control box, conveyor belt, 
and radiant oven. (B) Internal view of 
heating coils, (C) Attachment of tempera- 
ture-hardened DataTrace probes to turkey 
bologna product. (D) Raytek ST80 hand- 
held infrared temperature monitor. 


For samples processed by postpackage pasteurization alone (roast 
beeO, we used a 25-ml inoculum. Additional resuspension diluent 
was used after pasteurization to ensure the recovery of the re- 
maining inoculum. 

Combination pre- and postpackage surface pasteuriza- 
tion. We investigated a combination pasteurization process that 
included a short prepackage pasteurization treatment (for 45 or 60 
s) followed quickly by vacuum packaging and postpackage pas- 
teurization (for 45, 60, or 90 s) by submersion and subsequent 
microbial analysis as described previously (7). 

Product temperature measurement. Product temperatures 
were measured by several methods. Temperature-hardened 
DataTrace probes (Mesa Labs, Lake wood, Colo.) were placed at 
the tops, bottoms (offset to one side), sides, fronts, and backs of 
turkey bologna samples to determine the oven's temperature dis- 
tribution on all sides of the product, which could not easily be 
determined by any other method (Fig. IC). An infrared digital 
thermometer (Raynger Model ST80, Raytek, Santa Cruz, Calif.) 
that could provide the average, minimum, and maximum temper- 
atures of the locations of eight infrared dots projected onto a prod- 
uct in a circular pattern was also used (Fig. ID). 

Microbiological analysis. For the recovery of the inoculum 
bacteria remaining after radiant heat and/or postpackage pasteur- 
ization, products were placed into large sterile bags, and 25 to 50 
ml of buffered peptone water was added. The bags were then 
shaken and massaged for 5 min to resuspend surviving bacteria 
in the rinse buffer Recovery of the rinse buffer was followed by 
appropriate serial dilutions and pour plating on TSA containing 
the antibiotics specified above. The plates were then incubated for 
48 h at 30°C. 


Experimental design. Except for one trial involving frozen- 
and-thawed roast beef that was carried out in duplicate, all trials 
were carried out in triplicate. Inoculated control samples and ex- 
perimental samples were run in pairs for each processing condi- 
tion within a replicate. Different replications were carried out on 
separate days with different lots of the same product and with 
pairs of samples from the same lot for each test condition. Stan- 
dard deviations were obtained for multiple samples in the various 
replications. Treatment times were limited to those of practical 
application by the various participating processors. 

RESULTS AND DISCUSSION 

In this study, we examined prepackage surface pas- 
teurization of RTE meats with the use of a radiant heat oven 
(Fig. lA and IB) alone and in combination with postpack- 
age pasteurization (7) for the reduction of incidental L. 
monocytogenes conidJxnndXxon that could occur during post- 
processing handling and packaging. 

We examined the surface temperatures of a turkey bo- 
logna product with temperature-hardened probes. With the 
use of paired placements of probes (Fig. IC) on turkey 
bologna (top-offset-bottom, left side-right side, front face- 
rear face) we were able to examine the temperatures on the 
various surfaces in order to test for major discrepancies. 
The largest discrepancy observed was that between the up- 
per and lower product surface temperatures (Fig. 2A), 
which was a result of the "shielding" of the bottom of the 
product by the stainless steel mesh conveyor belt and was 
alleviated (Fig. 2B) by a design modification. In order to 
alleviate this condition, the manufacturer suggested making 


1626 . GANDE AND MURIANA 


J. Food Prot., Vol. 66, No. 9 



FIGURE 2. Temperature profiles obtained from turkey bologna with temperature -hardemd DataTrace probes placed on the top and 
on the bottom (offset from dead center) of the product in relation to the positioning of the underlying heating elements. Temperature 
profiles with bottom heating elements (A) turned down and away from the conveyor belt, (B) turned up toward the underside of the 
conveyor belt. (C) directed downward, and (D) directed upward toward the conveyor belt are shown. The radiant heat oven conditions 
included a 60-s treatment time, temperature setting no. 4, and an air temperature of 475"^ (246V). 


a rotational adjustment to the heating coils underlying the 
conveyor belt (Fig. 2C) to move the coils closer to the belt 
and the overlying product's bottom surface (Fig. 2D). This 
modification resulted in a noticeable and significant im- 
provement in the top and bottom heating profiles compared 
with what had previously been observed. It should be noted 
that the "bottom" probes were placed **off center'' and 
were not influenced by the temperature of the belt, which 
is nominally 95 to 99°F (35 to 37°C) upon its return to the 
oven entrance, since approximately 65 to 70% of the circuit 
of the circular belt is outside the oven; this is also the case 
for larger commercial systems. 

Although we used metal-tipped probes to obtain sur- 
face measurements, we recognized that these probes could 
be susceptible to errors. If the probes are placed 1 to 2 mm 
too deep (along the surface), they may measure more sub- 


surface temperature, and if placed too high, they may be 
influenced more by air temperature, and therefore extreme 
care was taken in their placement. Our intention was to 
determine whether gross temperature differences existed, 
because we expected that different products of different 
shapes and sizes would be positioned closer to or farther 
from the upper heating coils in practical use, and this would 
present a problem with any fixed-distance radiant oven. A 
handheld infrared thermometer that gave the average tem- 
peratures at the locations of eight infrared dots projected 
onto the surface of a product (Fig. ID) was also used. At 
first, this infrared thermometer appeared to be a better 
means of obtaining accurate surface temperature measure- 
ments. However, temperature values would change as either 
conveyor belt or hand movement would change the posi- 
tions of the dots and the exact points that were being mea- 
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FIGURE 3. Radiant heat surface pasteurization of (A) ham and(B) roast beef inoculated by the dip method or the contact method and 
processed at highest power setting for the time indicated. Each data point represents the mean for paired samples from triplicate 
replications. Error bars represent standard deviations of the mean. 


sured. It is conceivable that a mounted infrared temperature 
sensor-monitor could provide continuous monitoring of 
product as it exits the oven to provide a continuous real- 
time alert if targeted surface temperatures are not achieved 
(i.e., with the sensor-monitor pointing at the prt^duct, per- 
haps through a hole in the exit housing, as it exits the oven). 
With the handheld infrared monitor, we observed surface 
temperatures for ham in the ranges of 138 to 162*^ (59 to 
30-s treatment time), 147 to 189T (64 to 87°C; 45- 
s treatment time), 154 to 209"^ (68 to 98°C; 60-s treatment 
time), and 165 to 215T (74 to 102°C; 75-s treatment time). 
Some cut meat surfaces (turkey bologna, roast beef half 
rounds) showed somewhat lower temperatures than other 
surfaces, either because the cut flat side was offset from 
directly facing the heat source or because the cut sides also 
showed slight sweating (purge) during heating. Occasion- 
ally, surface temperatures as high as 250°F (12rC) would 
be observed, but temperatures would quickly decrease as 
the product moved. 

As with postpackage pasteurization, care should be tak- 
en in developing microbial-reduction processing models 
based on surface temperatures without confirmatory inoc- 
ulation studies. It is clear from various high surface tem- 
perature measurements we obtained that the accompanying 
microbial reduction was not in line with what would be 
expected on the basis of extrapolation from D-values (dec- 
imal reduction times) for the inoculated pathogens (7). Un- 
like the heating of fully cooked products to a specific in- 
temal temperature so that the entire product from the center 
outward has reached at least the target temperature, brief 
surface heating may not necessarily penetrate all of the cuts, 
folds, and crevices that can be accessed by bacteria, and 
therefore single-point, or even multipoint, temperature read- 
ings for the outermost surface may be of limited practical 
application. 


In previous studies of postpackage pasteurization, a 
fixed amount of inoculum was added to each of the prod- 
ucts in vacuum-packaging bags before the bags were vac- 
uum sealed (7). This method of inoculation had to be mod- 
ified for use with surface inoculation of a nonpackaged 
product, and therefore we examined both a dip inoculation 
method and a contact inoculation method and contemplated 
the practical difference between the two methods after they 
had been used in several pasteurization trials. RTE deli ham 
and roast beef half rounds inoculated by both methods were 
surface pasteurized (Fig. 3). The results obtained indicate 
that L monocytogenes reductions for the contact inocula- 
tion method were 1 to 2 log cycles larger than those for 
the extreme dip inoculation method. During the radiant heat 
surface pasteurization of hams inoculated with L monocy- 
togenes and processed for 45 to 75 s, we obtained 0.75- to 
1 .85-log reductions when the dip method was used and 2.7- 
to 3.9-log reductions when the contact inoculation method 
was used (Fig. 3A). Similariy, with roast beef we achieved 
1.5- to 2.2-Iog reductions for the dip inoculation method 
and 2.5- to 3.8-log reductions for the contact inoculation 
method when samples were processed for 60 to 90 s (Fig. 
3B). The differences between the two inoculation methods 
are reasonably assumed to be due to the aggressive infiltra- 
tion of small cracks, crevices, and folds, which protects 
some of the bacteria from the full heating regimen, when 
the dip method is used. 

Our results indicate that radiant heat pasteurization can 
reduce incidental contamination that may be acquired up- 
stream during postprocessing handling. We propose that 
this process would be most effective just prior to final pack- 
aging, a stage for which no such microbial interventions 
currently exist. However, there could still be concerns about 
contamination during the final packaging, although such 
contamination would be minimized if the product were 
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FIGURE 4. Radiant heat prepackage surface pasteurization of (A) fonned ham and (B) turkey bologna alone and in combination with 
postpackage pasteurization. Prepackage pasteurization was performed at temperature setting no. 5 (the highest setting) for ham (for 
an air temperature of JSO'T [399X1) and at temperature setting no. 4 for bologna (415°F [246VI) with a 60-s treatment time for 
both products. Postpackage pasteurization (PPP) was applied for 60 or 90 s for ham and for 45 or 60 s for turkey bologna at 2WT 
(93.3V). Products were inoculated by the dip method. 


packaged immediately while still hot. With this in mind, 
we further examined a combined pre- and postpackage pas- 
teurization step that would provide the benefit of direct sur- 
face heating of prepackage pasteurization along with the 
added benefit of further pasteurization after the final pack- 
aging while the surface is still warm (at which point no 
further exposure to contamination due to handling would 
occur). For formed ham and turkey bologna, we obtained 
1.35- and 1.53-log reductions of L monocytogenes, respec- 
tively, when a 60-s radiant heat surface pasteurization step 
was used with product inoculated by dip method, our most 
aggressive inoculation method (Fig. 4). When prepackage 
pasteurization of the ham was followed by 60- or 90-s post- 
package pasteurization at 200°F (93.3*^0), we obtained 
overall 3.17- and 3.91 -log reductions of L monocytogenes, 
respectively (Fig. 4A). When prepackage pasteurization of 
the turkey bologna was followed by 45- or 60-s submersed 
water postpackage pasteurization, we obtained overall 2.73- 
and 4.3-log reductions of L. monocytogenes, respectively 
(Fig. 4B), 

The results of our examination of both the dip and the 
contact inoculadon methods suggest that the contact inoc- 
ulation method is more typical of the manner in which in- 
cidental contamination is acquired in plants and that this 
method is more practical for the surface inoculation of large 
nonpackageddeli meat products. It is important to note that 
the contact inoculation method does not undercut the safety 
of process evaluation, since the typical sponge-delivered 
contact inoculum for our deli products resulted in L mon- 
ocytogenes levels of ca. 10^ CFU per product piece tested, 
and all products were inoculated in this manner on several 


sides. There is no conceivable way that fully cooked prod- 
uct could acquire such high levels of Listeria through con- 
tact unless growth-permissive conditions were involved. 

In an additional roast beef study involving only contact 
inoculation, we examined the effect of radiant heat surface 
pasteurization on whole and half rounds of roast beef po- 
sitioned in the oven with the cut side facing either forward 
or to the side, and we compared frozen -and- thawed roast 
beef product processed by radiant heat pasteurization alone 
with that processed by radiant heat pasteurization in com- 
bination with postpackage pasteurization (Fig. 5). Radiant 
heat pasteurizafion of both whole and half rounds of fresh 
refrigerated roast beef (regardless of position) as well as 
whole logs of corned beef resulted in similar L monocy- 
togenes reduction levels (2.15 to 2.45 log cycles) (Fig. 5 A). 
However, radiant heat pasteurization of frozen-and-thawed 
roast beef resulted in lower reduction levels (1.5 log cy- 
cles), presumably owing to the destruction of meat cells, 
leading to an increase in the "juiciness"' of the roast beef 
after thawing (Fig. 5B). When frozen-and-thawed roast beef 
was processed via short-term postpackage pasteurization 
(for 60 and 90 s), freezing and thawing together with the 
short processing time was also found to result in low L. 
monocytogenes rednciion levels (Fig. 5B), However, wheth- 
er roast beef was fresh, or frozen and thawed, the use of 
the combination of 60 s of radiant heat pasteurization fol- 
lowed by 60 or 90 s of postpackage pasteurization (200T) 
resulted in reduction levels of >3 log cycles (Fig. 5A and 
5B), which would have required 10 min to achieve with 
postpackage pasteurization alone. It should be noted that 
for fresh roast beef, the combination of 60 s of radiant heat 
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FIGURE 5 . Radiant heat prepackage pasteurization of roast beef alone and in combination with postpackage pasteurization. (A) Radiant 
heat surface pasteurization of roast beef top rounds (whole round. 23 to 16 Ibh half rounds with the cut sides facing the tunnel exit 
("A, " 6.5 to 8 lb), half rounds with the cut sides facing to the side ("B, " 6.5 to 8 lb), and corned beef logs (whole, 25 to 27 lb). (B) 
Radiant heat surface pasteurization alone, submerged water postpackage pasteurization (PPP) alone, and a combination of pre- and 
postpackage surface pasteurization of roast beef half rounds. Treatments are as indicated. All of panel A and the first two bars of panel 
B represent fresh refrigerated product; the retnainder of panel B represents product that was frozen and then thawed for testing. All 
samples were inoculated by the contact inoculation method. 


pasteurization and 60 s of postpackage pasteurization re- 
sulted in larger reductions tiian a slightly longer process 
(60 s of radiant heat pasteurization and 90 s of postpaclcage 
pasteurization) did for frozen-and-thawed roast beef (Fig. 
5B). The reduction in the time required for the postpaclcage 
pasteurization phase of the combination process (60 or 90 
s) provideid the additional benefit of generating little or no 
purge compared with what we have observed in trials in- 
volving longer postpackage pasteurization times (4, 6, 8, 
and 10 min) (7), These data demonstrate the effectiveness 
of a short-duration combined process that provides addi- 
tional processing after final packaging with no further han- 
dling of the product in significantly reducing pathogen lev- 
els. However, the heat-treated product may need to be 
chilled prior to boxing, since the surface quarter inch has 
been heated. 

The results of the present study indicate that radiant 
heat prepackage surface pasteurization, postpackage surface 
pasteurization (7), or a combination of the two processes 
can alleviate potential Listeria contamination on RTE deli 
meat surfaces with minimal effects on product quality. The 
benefits of such a process should be considered with respect 
to the potential for a product^s acquisition of contamination 
in plant environments in which RTE products are manu- 
factured and packaged and in comparison with those of 
preexisting processing lines that do not include additional 
intervention steps. The potential savings of such a process 
must be measured in view of recent large recalls (and, 
worse, illnesses and deaths) that have been attributed to the 
manufacture and distribution of contaminated products. The 
data provided herein demonstrate that new processing strat- 


egies and microbial interventions that can provide safe 
products for the benefit of consumers and processors alike 
are currently available. 
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A> Requirements of the Final Rule 


Listeria monocytogenes is a pathogen that is widely distributed in the environment such 
as plant, soil, animal, water, dirt, dust, and silage. Because L. monocytogenes can be 
found in slaughter animals and in raw meat and poultry and other ingredients, it can be 
continuously introduced in the processing environment. The pathogen can cross- 
contaminate food contact surfaces, equipment, floors, drains, standing water and 
employees. In addition, the pathogen can grow in damp environments and can establish a 
niche and form biofilms in the processing environment that is difficult to eliminate during 
cleaning and sanitizing. Other characteristics of L. monocytogenes that makes it a 
formidable pathogen to control are its heat and salt tolerance and its ability to grow at 
refrigeration temperatures. 

The lethality treatment received by processed ready-to-eat (RTE) meat and poultry 
products eliminate the pathogen, however products can be re-contaminated by exposure 
after the lethality treatment during peeHng, slicing, repackaging, and other procedures. 
Several foodbome illnesses resulting in hospitalization, miscarriage and death have been 
linked to the consumption of deli meats and hotdogs containing L. monocytogenes . The 
cause of L. monocytogenes contamination in these outbreaks was traced to post-lethality 
exposure and contamination by the pathogen. Hot dogs and deli meats are examples of 
RTE meat and poultry products that receive a lethality treatment to eliminate pathogens, 
and are subsequently exposed to the environment during peeling, slicing, and 
repackaging operations. If L. monocytogenes is present in the equipment used for 
peeling, slicing or repackaging, the pathogen can be transferred to the product upon 
contact. Since RTE products are consumed without further cooking for safety, there is a 
possibility of the occurrence of foodbome illness. 

RTE meat and poultry processing plants must include control programs for Listeria 
monocytogenes in their HACCP plan. Sanitation SOP or prerequisite programs to prevent 
its growth and proliferation in the plant environment and equipment, and cross- 
contamination of RTE products. The final rule for the control of Listeria monocytogenes 
include three alternative methods that establishments can use in the processing of RTE 
meat and poultry products during post-lethality exposure. These alternatives are based on 
different ways of controlling L. monocytogenes used in the processing of RTE products 
that are exposed to the environment after the lethality treatment. The risk for 
contamination by the pathogen increases from alternative 1 to 3, based on the control 
methods used by the establishment. Alternative 1 requires an establishment to apply a 
post-lethality treatment and an antimicrobial agent or process to control L. 
monocytogenes. Alternative 2 requires an establishment to apply either a post-lethality 
treatment or an antimicrobial agent or process. In alternative 3, the establishment does 
not apply any post-lethality treatment or antimicrobial agent or process, so it is required 
to have a sanitation program that includes testing food contact surfaces and holding 
product when tests turn out positive. An establishment must identify to which alternative 
their RTE product falls into based on its control program for L. monocytogenes . An 
establishment must apply the control methods required for the specific alternative in its 
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processing so it can qualify for the alternative. Each alternative has requirements that the 
establishment must comply to. 

The compliance guidelines aim to help the establishment in its use of control methods for 
L. monocytogenes. Its purpose is to show establishments what the control methods used 
singly or in combination can achieve to prevent or eliminate L. monocytogenes 
contamination in the product during post-lethality exposure. Establishments can use the 
guidelines to determine control methods that are best suited to their processing. Some 
establishments may have instituted methods which they have verified to be effective in 
controlling the pathogen and may not need to change their methods to follow these 
guidelines. However, FSIS will make a determination on the effectiveness of the controls 
and establishment verification testing when deciding how FSIS will conduct verification 
in the establishment. These guidelines will be updated as necessary to include validated 
and other effective procedures as they become available. 

Alternative 1 

Alternative 1 requires the use of post-lethality treatment (which maybe an antimicrobial 
agent) to reduce or eliminate L. monocytogenes and an antimicrobial agent or process to 
suppress or limit the growth of the pathogen. For RTE products that are cooked and then 
removed from their cooking bag and sliced, diced or repackaged, there is a risk of cross 
contamination from the equipment, conveyor belts and the environment. These products 
need to be aseptically processed and then repackaged under strict sanitary conditions to 
prevent contamination from L. monocytogenes . Post lethality treatments such as steam 
pasteurization, hot water pasteurization, radiant heating and high pressure processing 
have been developed to prevent or eliminate post-processing contamination by 
monocytogenes. RTE products where post-lethality treatments were shown by studies to 
be effective in reducing the level of L. monocytogenes are whole or formed ham, whole 
and split roast beef, turkey ham, chicken breast fillets and strips, and sliced ham, sliced 
turkey, and sliced roast beef 

Examples of antimicrobial agents shown to inhibit listerial growth are lactates, acetates or 
diacetates added in the formulation and the use of growth inhibitors in the immediate 
packaging material. Some growth inhibitor packaging and some levels and combinations 
of antimicrobial agents were shown by research studies to reduce the levels of 
monocytogenes . RTE products where studies on antimicrobial agents were shown to be 
effective in the control L. monocytogenes are hot dogs, bologna, cotto salami, and 
bratwurst. 

An establishment whose product or process falls in Alternative 1 must have the post- 
lethality treatment that reduces or eliminates the pathogen in its HACCP plan. The post- 
lethality treatment must be validated according to § 417.4 as being effective in reducing 
or eliminating L. monocytogenes and the validation should specify the log reduction 
achieved by the post-lethality treatment and antimicrobial agents. The effectiveness of the 
post-lethality treatments and antimicrobial agents must be verified and have the 
verification results available to FSIS personnel upon request. 
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The antimicrobial agent or process that limits or suppresses L. monocytogenes must be 
included in the establishment's HACCP plan, or sanitation SOP, or other prerequisite 
program. The establishments must have documentation in its HACCP plan, Sanitation 
SOP or other prerequisite program to demonstrate that the antimicrobial agent or process, 
as used, is effective in suppressing or limiting growth of L. monocytogenes . The 
establishment must validate and verify the effectiveness of its antimicrobial agent or 
process included in its HACCP plan in accordance with § 417.4. If the antimicrobial 
agent or process is in the Sanitation SOP, the effectiveness of the measures must be 
evaluated in accordance with 416.14. If the control measures for L. monocytogenes are 
contained in a prerequisite program other than a Sanitation SOP, the program must ensure 
that the program is effective and does not cause the hazard analysis or the HACCP plan 
to be inadequate. 

Post-lethality treatments can be applied as a pre-packaging treatment, e.g. radiant heating, 
or as post-packaging treatments, e.g., hot water pasteurization, steam pasteurization, and 
high pressure processing. Some of the studies on post-lethality treatments are reviewed in 
section B. Establishments should refer to the details of the studies if they want to use the 
intervention method in their processing. The guidelines will be updated to include 
studies or other methods as they become available. Studies on post-lethality treatments 
showed reductions of inoculated L. monocytogenes from 1 to 7 logio CFU/g depending 
on the product type, and duration, temperature and pressure of treatment. Higher log 
reductions were obtained when both pre-packaging and post-packaging surface 
pasteurizations were applied, and when post-lethality pasteurization was combined with 
the use of antimicrobial agents. 

An establishment can use available published research studies as reference for their 
validation provided it uses the product type or size, the type of equipment, time, 
temperature, pressure and other variables used in the study in order to result in the same 
level of reduction of L. monocytogenes . An establishment that uses products, treatments 
or variables other than those used in the studies must perform its own validation studies 
to determine the effective reduction of L. monocytogenes as a result of the post-lethality 
treatment or antimicrobial agent applied to the products. Some of the published studies 
use different products and report a range of levels of reduction of L. monocytogenes. In 
this case, the establishment must validate the use of the post-lethality treatment or 
antimicrobial agent for their specific products. The establishment must specify the level 
of reduction achieved by the post-lethality treatment or antimicrobial agent applied in 
their validation. Aside from validation of the post-lethality treatment and antimicrobial 
agent, the establishment must verify its effectiveness by testing for L. monocytogenes . 

Antimicrobial agents can be added to the product formulation, to the finished product or 
to the packaging material to inhibit growth of L. monocytogenes in the post-lethality 
exposed product during its refi"igerated shelf life. Studies on antimicrobials added to the 
packaging material or active packaging showed a 1-2 logio CFU/g reduction of 
monocytogenes during the refrigerated shelf life of the products. Lactates, acetates and 
diacetates are some antimicrobials added to the formulation of RTE meat and poultry 
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products. Based on published studies, growth reduction or inhibition achieved by adding 
these antimicrobials to product formulation depends on a variety of factors. Depending 
on the amount of antimicrobials and other growth inhibitors added to the product 
formulation and other ingredients in the product, growth inhibition of L. monocytogenes 
was shown to range from 30 days to 120 days at refrigerated temperatures. Some 
published studies on antimicrobials are reviewed in section C. Establishments should 
refer to the details of the studies if they want to use the intervention method in their 
processing. 

An antimicrobial process that controls the growth of L. monocytogenes in the post- 
lethality environment is a lethality process that renders a RTE product shelf stable. Shelf 
stable products are formulated with salt, nitrites and other additives, and processed to 
achieve a water activity, pH and moisture-protein ratio that will reduce the level of L 
monocytogenes and other pathogens during processing. In addition, the lethality 
treatment exerts a continuing bactericidal and bacteriostatic effect and does not support 
the growth of L. monocytogenes and other pathogens during the shelf life of the product 
at ambient temperatures. In this case, the antimicrobial process could serve as a both a 
post-lethality treatment and growth inhibitor. The establishment should have 
documentation on file to demonstrate the effectiveness of the lethality treatment through 
the shelf life of the product. Examples of shelf stable RTE products are country cured 
ham, pepperoni, salami, and jerky. 

Another antimicrobial process that controls the growth of L. monocytogenes in the post- 
lethality environment is freezing of RTE products. Freezing prevents the growth of any 
microorganisms in the product because their metabolic activities are arrested, but 
depending on the method and length of freezing and other factors, some microbial kill 
can also result. Like other microorganisms, L. monocytogenes is resistant to freezing. 
Once the product is thawed, metabolic activities of microorganisms may resume, 
depending on whether the microorganisms are killed, injured, or not affected at all. 
Therefore this antimicrobial process is only effective while the product is frozen. Labels 
of RTE frozen products contain cooking instructions for the frozen product and for 
thawed and refrigerated product, and instructions for thawing at refrigerated 
temperatures. Examples of frozen RTE products are ftilly cooked frozen chicken nuggets, 
fully cooked frozen chicken breast patties or fiilly cooked frozen dinners. 

The establishment can include the antimicrobial treatment that limits or suppresses L 
monocytogenes in the HACCP plan, or Sanitation SOP or prerequisite program. 
However, the establishment must show the effectiveness of the antimicrobials in 
suppressing or limiting L. monocytogenes in these programs. An establishment can use 
published studies as reference for its validation as long as it uses the same treatment 
variables as those used in the study. These variables include among others, specific 
antimicrobial agents, concentration, time and temperature of effectiveness and others. 
Use of antimicrobial singly or in combination, with different concentration and other 
variables, and for products not used in the studies must be validated or tested for their 
effectiveness. This must be validated for the HACCP plan, or documented in the 
Sanitation SOP or other prerequisite programs. The establishment must verify that the 
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antimicrobial program is effective by testing product for L. monocytogenes and must 
verify that it does not cause the hazard analysis or the HACCP plan to be inadequate. 

An establishment with products in Alternative 1 must maintain sanitation in the post- 
lethality processing environment in accordance with part 416. The establishment must 
make the verification results that demonstrate the effectiveness of its controls, whether 
from carrying out its HACCP plan, or its Sanitation SOP, or other prerequisite program, 
available upon request to FSIS inspection personnel. 

Establishments have been using prerequisite programs before in their processing 
operations, and the Agency has recently accepted the use of prerequisite programs as an 
option in another policy. However, giving the establishment the option to include the 
antimicrobial agent or process in a prerequisite program in this rule is the first time 
prerequisite programs are recognized in codified regulations. 

An establishment with products in Alternative 1 must have a post-lethality treatment that 
effectively reduce or eliminate L. monocytogenes , and an antimicrobial agent or process 
that suppresses any growth of the pathogen and extend the effect of the post-lethality 
treatment during the shelf life of the product. The Agency considers these treatments to 
be effective in controlling the pathogen to result in a safe RTE product. If an 
establishment has an effective Sanitation SOP, any contamination by L. monocytogenes 
would be very small, so the post-lethality treatment and the antimicrobial will be able to 
reduce or eliminate this contamination. If there is gross contamination, the effectiveness 
of the treatments may be reduced or negated. Therefore the Agency is relying on the 
establishment's Sanitation SOP to prevent contamination with L. monocytogenes , and the 
post-lethality treatment and antimicrobials to further reduce or eliminate the pathogen. 

Because of this combination of controls, the Agency is not requiring establishments to 
have a testing program for food contact surfaces^ However, the establishments can test 
food contact surfaces for L. monocytogenes, or its indicator organisms. Listeria spp. or 
Listeria-like organisms, to verify that their Sanitation SOP is effective. L. monocytogenes 
belongs to the Listeria group or genus of microorganisms, therefore a positive test for 
Listeria spp. or Listeria -like organisms would indicate the potential presence of the 
pathogen. If these specific indicator organisms test negative, this is indicative that L. 
monocytogenes is not present. Aerobic plate counts (APC), total plate counts (TPC), and 
coliforms are not appropriate indicator tests for L. monocytogenes . Results from these 
tests do not indicate the presence or absence of the pathogen. Guidelines on sanitation 
procedures and food contact surface testing for L. monocytogenes or its indicator 
organisms, Listeria spp. or Listeria -like organisms, are found in section D. 

Alternative 2 

An establishment that identifies its products in Alternative 2 must apply either a post 
lethality treatment or an antimicrobial agent or process that controls the growth of L^ 
monocytogenes . The establishment must have the post-lethality treatment in its HACCP 
plan and must be validated according to § 417.4 as being effective in reducing or 
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eliminating L. monocytogenes and should specify the log reduction achieved by the post- 
lethality treatment. The effectiveness of the post-lethality treatment must be verified by 
testing for L. monocytogenes and have the verification results available to FSIS 
personnel upon request. If an establishment has a product identified in Alternative 2 and 
uses a post lethality treatment to control L. monocytogenes in its product, it is not 
required to test food contact surfaces in the post-lethality environment. However, it can 
test food contact surfaces for L. monocytogenes, or its indicator organisms ( ^Listeria spp. 
or Listeria -like organisms), or it could be subject to frequent verification testing by FSIS 
if it does not. 

An establishment in Alternative 2 that only uses an antimicrobial agent or process to 
control L. monocytogenes in its product must have the agent or process included in the 
establishment's HACCP plan, or sanitation SOP, or other prerequisite program. The 
establishments should have documentation in its HACCP plan, Sanitation SOP or other 
prerequisite program to demonstrate that the antimicrobial agent or process, as used, is 
effective in suppressing or limiting growth of L. monocytogenes . The establishment 
should document the log levels of the pathogen that the antimicrobial agent or process 
can suppress and the length of time in days that the antimicrobial is effective. The 
establishment must validate and verify the effectiveness of its antimicrobial agent or 
process included in its HACCP plan in accordance with § 417.4. 

If the antimicrobial agent or process is in the Sanitation SOP, the effectiveness of the 
measures must be evaluated in accordance with 416.14. If the control measures for 
monocytogenes are contained in a prerequisite program other than a Sanitation SOP, the 
program must ensure that the program is effective and does not cause the hazard analysis 
or the HACCP plan to be inadequate. The establishment should document its 
antimicrobial agent or process, its implementation and its verification results sufficiently 
in order to show that the HACCP plan is adequate in controlling the pathogen. The 
establishment must verify that the antimicrobials are effective by testing for 
monocytogenes and have the verification results whether from carrying out its HACCP 
plan, or its Sanitation SOP, or other prerequisite program, available upon request to FSIS 
inspection personnel. 

If an establishment's product is in Alternative 2 and uses an antimicrobial agent or 
process that suppresses or limits the growth of L. monocytogenes in its product^ it should 
maintain sanitation in the post-lethality environment in accordance with part 416. The 
sanitation program must include testing for food contact surfaces in the post-lethality 
environment to ensure that the surfaces are sanitary and free of L. monocytogenes or its 
indicator organisms (Listeria spp. or Listeria -like organisms). Studies on antimicrobials 
showed growth inhibition of L. monocytogenes if present at low levels of contamination 
during the shelf life of the RTE product. Antimicrobials were not shown to be effective at 
higher levels of contamination, so an effective sanitation program, which includes 
verification testing for food contact surfaces must be implemented at the same time that 
antimicrobials are used. 
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The sanitation program must provide for testing food contact surfaces in the post-lethality 
processing area to ensure that surfaces are sanitary and free of 1. monocytogenes or its 
indicator organisms. It must include the frequency of testing and identify the size and 
location of the sample sites to be sampled. It should include an explanation of why the 
testing frequency is sufficient to ensure that effective control of L. monocytogenes or its 
indicator organisms is maintained. In addition, the establishment must identify the 
conditions under which the establishment will implement hold-and-test procedures 
following a positive test for L. monocytogenes or its indicator organisms. The product 
will be subject to FSIS verification testing, because the establishment is not relying on a 
post-lethality treatment to eliminate L. monocytogenes. 

Alternative 3 

A post-lethality exposed product that does not use a post-lethality treatment or an 
antimicrobial agent or process to control the growth of L. monocytogenes fall under 
Alternative 3. An establishment producing this product must control the pathogen in its 
post-lethality processing environment through the use of sanitation control measures. 
Because the establishment is not relying upon a post-lethality treatment or an 
antimicrobial agent or process to control L. monocytogenes , the product will be subject to 
frequent FSIS verification testing. Examples of products in this alternative are fully 
cooked meat and poultry that are packaged and refrigerated such as hotdogs, deli meats, 
chicken nuggets, or chicken patties. 

For this alternative, the establishment must maintain sanitation in the post-lethality 
processing environment in accordance with part 416. The sanitation program must 
provide for testing food contact surfaces in the post-lethality processing area to ensure 
that surfaces are sanitary and free of L. monocytogenes or its indicator organisms. The 
testing program should include the frequency of testing, identify the size and location of 
the sample sites and include an explanation of why the testing frequency is sufficient to 
ensure that effective control of L. monocytogenes or its indicator organisms is 
maintained. In addition, the establishment should identify the conditions under which the 
establishment will implement hold-and-test procedures following a positive test for L 
monocytogenes or its indicator organisms on a food contact surface. 

Moreover, an establishment that produces a deli product or a hotdog product must verify 
that the corrective actions that it takes with respect to sanitation after an initial positive 
test for L. monocytogenes or its indicator organisms on a food contact surface in the post- 
lethality processing environment are effective. The corrective action must indicate steps 
that the establishment will take to clean and sanitize the suspected food contact surfaces 
to eliminate the contamination. The verification of the effectiveness of the corrective 
action can be shown by follow-up testing that includes a targeted test of the specific site 
on the food contact surface area that is the most likely source of contamination by the 
organism and other additional tests in the surrounding food contact surface area as 
necessary to ensure the effectiveness of the corrective actions. During this follow-up 
testing, if the establishment obtains a second positive test for L. monocytogenes or an 
indicator organism, the establishment must hold lots of product that may have become 
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contaminated by contact with the food contact surface until the establishment corrects the 
sanitation problem indicated by the test result. 

Further, in order to be able to release into commerce the lots of product that may have 
become contaminated with L. monocytogenes from the food contact surface, the 
establishment must sample and test the lots for L. monocytogenes using a sampling 
method and frequency that will provide a level of statistical confidence that ensures that 
each lot is not adulterated with L. monocytogenes . If the product tests positive for 
monocytogenes , the product is considered adulterated and must be withheld from 
commerce. The establishment may destroy the held product , or rework the held product 
using a process that is destructive of L. monocytogenes . The establishment must 
document the results of the testing and the disposition of the product. An example of a 
hold-and test scenario can be found in section E-VIII. 

An establishment with products in Alternative 3 is likely to be subject to more frequent 
verification testing by FSIS than an establishment with products in Alternative 1 or 2. 
This is because the products in Alternatives 1 and 2 are formulated and/or processed to 
reduce or eliminate L. monocytogenes or limit its growth in the RTE product and present 
a lower risk than products in Alternative 3 that do not have these interventions. 
Likewise, an establishment in Alternative 3 that produces deli meat or hotdog products is 
likely to be subject to more frequent verification testing than one that does not produce 
such products because deli and hotdog products were ranked as higher risks for 
monocytogenes contamination by the risk assessment. 

Labeling 

Antimicrobial agents that are added to RTE products, either to the formulation or to the 
finished RTE product, and those that are included in the primary packaging material of 
RTE products are required to be included in the ingredients statement of the product 
label. In addition, establishments that use a post-lethality treatment or an antimicrobial 
validated to effectively eliminate or reduce L. monocytogenes , or suppress or limit its 
growth in the product can make claims or special statements on the labels of their 
products regarding the presence and purpose of use of the substances. The purpose of 
such claims is to inform consumers about measures taken by the processor to ensure the 
safety of the product and enable consumers to make informed purchase decisions. Such 
claims are voluntary, and may be of value to consumers especially those in groups most 
vulnerable to foodbome illness. Processors need to document their validation of these 
claims. An example of a statement that can be made is: "Potassium lactate added to 
prevent the growth of L. monocytogenes ." All labeling claims and label changes to add 
such claims must be submitted for evaluation and approval to the FSIS Labeling and 
Consumer Protection Staff 

Estimates of Annual Production Volume 

An establishment that produces post-lethality exposed RTE products shall provide FSIS 
with estimates of annual production volume and related information (such as the 
establishment's testing program) for the types of meat and poultry products processed 
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under Alternatives 1, 2, or 3. The establishment needs to provide the information at least 
annually, or more often, as determined by the Administrator. The Agency regards 
production volume as a more important risk factor than establishment size and therefore 
needs these data so that it can target its resources on higher volume operations in its 
verification program. FSIS will develop sampling frequencies for the establishments and 
the products based on these data. The Agency will make the sampling ft*equency 
available to the establishments so that they will have an indication of how the risk of 
monocytogenes is tied to verification sampling. 

The form by which to collect the data will be available to establishments in paper or 
electronic formats. An electronic form for this purpose will be available to the 
establishments at all times after the rule becomes effective. 


B. Studies on Post-lethality Treatments 


(Mention of trade marks or commercial names does not constitute endorsement by 
USDA) 


I. Steam Pasteurization and Hot Water Pasteurization 



Post processing contamination of RTE meat and poultry is mostly confined to the surface. 
Pasteurization by steam and hot water acts on the surface microbial contaminants by the 
action of heat. Studies on surface pasteurization using steam or hot water were shown to 
be effective in reducing this contamination. 

Studies by Murphy et al. (2003a) showed that post-cook hot water pasteurization and 
steam pasteurization resulted in a 7 logio reduction of L. monocytogenes in inoculated 
vacuum packaged fully cooked sliced chicken. The reduction was effective when single - 
packaged breast fillets, 227 g- package strips and 454 g-packaged strips were heat treated 
at 90 C in a continuous steam cooker or hot water cooker for 5, 25 and 35 minutes 
respectively. These investigators developed a model called ThermoPro that could predict 
the thermal lethality of pathogens in fully cooked meat and poultry products during post- 
cook in-package pasteurization (Murphy et al., 2001, 2003b, 2003c). The model was 
developed using L. innocua and verified for L. monocytogenes . 

^^re-Package Pasteurization and Post-Package Surface Pasteurization 

Muriana et. al., (2002) used a stainless steel water bath (similar to the Unitherm 
commercial Aquaflow food processor) to submerge cooked RTE deli-style whole or 
formed turkey, ham and roast beef, removed from their package, inoculated with 
monocytogenes and vacuum packaged. Results show a 2-4 log decrease in the levels of L^. 
monocvogenes in inoculated products post-cooked at 195-205 F for 2-10 min. 

Pre-package surface pasteurization treatment of the fully cooked meat removed from 
their packaging wrap and inoculated with L. monocytogenes resulted in a 1.25 to 3.5 log 
reduction with a treatment time of 60-120 s at 475 to 750 F air temperature (Gande and 
Muriana, 2003). Surface pasteurization was applied on cooked whole and split roast beef, 
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whole corned beef, and whole and formed ham using a radiant oven ("Infrared Grill", 
Unitherm FoodSystems). Pre-package pasteurization (60 sec) combined with post- 
package submerged water pasteurization using formed ham (60 or 90 sec), turkey 
bologna (45 or 60 sec), and roast beef (60 or 90 sec), resulted in a 3.2 to 3.9 log reduction 
for ham, 2.7-4.3 log reduction for bologna, or a 2.0-3.75 log reduction for roast beef The 
level of reduction varied depending on the method of inoculation, type of product used, 
treatment temperature, and residence time. 


III. High Hydrostatic Pressure Processing 

High pressure processing (HPP) is one of the new technologies used for food processing. 
This technology provides a means of ensuring food safety for those products that are 
difficult to be heat treated due to organoleptic effects. HPP was shown to inactivate 
pathogens without any thermal or chemical effects and at the same time preserve the 
quality of the product. Raghubeer and Ting (2003) evaluated the efficacy of high 
hydrostatic pressure processing in inactivating L. monocytogenes in retail-packaged 
samples of sliced ham, turkey and roast beef obtained from a manufacturer and 
repackaged in 25-g portions. Results show that an inoculum of about 10"^ L^. 
monocytogenes cocktail in these 3 products and HPP treatment at 87,000 psi for 3 
minutes showed no recovery of L. monocytogenes afl:er 61 days of storage at 34° F. 
There were no pressure-injured cells detected. There were no adverse organoleptic effects 
detected on the 3 HPP treated products during the 61 -day shelf life study. No signs of 
spoilage were seen on all 3 products after 61 days of storage, and for 100 days for ham 
and turkey. According to the investigators, the normal shelf life of these products is 30 
days, so the HPP treatment extended the shelf life of the products. 

C. Studies On The Use of Antimicrobial Agents 

I. Addition of Lactates, Acetates, Diacetates to Meat Formulations 

Studies have shown that lactic acid and acetic acid have significant antimicrobial activity 
in broth and food systems. Sodium and potassium salts of these acids, when added to 
processed meat formulation are also known to potentially inhibit pathogenic bacteria 
especially L. monocytogenes . These antimicrobials inhibit growth of pathogens by 
inhibiting their metabolic activities. Interest in these antimicrobials is in the growth 
inhibition of L. monocytogenes in post lethality exposed RTE meat and poultry products. 

FSIS recently increased the permissible levels of sodium acetate as a flavor enhancer in 
meat and poultry products, and of sodium diacetate as a flavor enhancer and as an 
inhibitor of pathogen growth to 0.25 %(65 FR 3121-3123/2000). The rule also permitted 
the use of sodium lactate and potassium lactate in meat and poultry products at 3 %, 
corresponding to a 4.8 % of the 60 % commercial product (except for infant formulas and 
infant food) for the purposes of inhibiting the growth of certain pathogens. The addition 
of antimicrobials in the formulation must be included in the ingredient statement of the 
label. Several studies used these antimicrobials to show their ability to inhibit growth of 
L. monocytogenes in different meat formulations. 
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Seman et al., (2002) developed a mathematical model capable of predicting the growth or 
stasis of L. monocytogenes in commercial cured meat products using a response surface 
method. The model can be used by manufacturers in the determination of the appropriate 
amounts of potassium lactate and sodium diacetate to be added to cured meat products 
that are organoleptically sensible and will not support the growth of L. monocytogenes . 
Thirty products were formulated by using a variety of raw material sources such as pork 
trimmings, trimmed turkey breast halves and four-muscle ham. Varying amounts of 
potassium lactate and sodium diacetate were added to the meat formulation and the meats 
were processed into different products. After chilling, the products were stripped of their 
casings, sliced into 25-g slices, placed into pouches, and inoculated with L. 
monocytogenes by applying to the surface of lOOg of cured meat (four slices). 

The results show that increasing amounts of potassium lactate syrup and sodium acetate 
decreased the growth rate of L. monocytogenes, while increasing finished product 
moisture increased the growth rate. Sodium chloride content was not significant but was 
found to have a negative correlation to growth rate. The investigators provided final 
regression equation predicting the growth of L. monocytogenes in cured RTE meat 
products stored at 4° C. The investigators used predictive model performance factors and 
a simple linear regression analysis to evaluate the model generated in this study. They 
verified the accuracy of the model by comparing with actual L. monocytogenes growth 
data from independent challenge study conducted with for four different commercial 
RTE meat products using similar storage conditions. Performance factors calculated and 
evaluated for control products (those not containing potassium lactate and sodium 
diacetate) indicated that on the average, the predicted growth of L. monocytogenes 
exceeded those of the observed values by about 24 %. 

This study provided a useful model in determining the target amounts of potassium 
lactate and sodium acetate for cured meat product formulations to inhibit the growth of L. 
monocytogenes. The calculations would also require knowledge of the finished product 
sodium chloride and moisture contents. The investigators advised that this validated 
model is specific to the products designed for the study and the L. monocytogenes strains 
used. Testing of this model in other environments and with other Listeria spp., and to 
formulations that are outside the model's limits may result in different maximum growth 
rates. This study was used as the basis for the Op ti. Form Listeria Control Model. 

The Opti. Form Listeria Control Model (PURAC) is a unique tool to calculate the levels 
of lactate and diacetate required to retard the growth of Listeria monocytogenes in cured 
meat and poultry products. The model is based on the study detailed in the paper by 
Seman et al, 2002, above. The model, which is available on CD-Rom includes: 

• instructions on how to use the model 

• explanation on the development of the model 

• information on the anti-microbial effect of lactate and diacetate 

• lactates and diacetates and use of these products 

• regulations and labeling 

• literature references 
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To receive a free copy of the model on CD-Rom, call: 888-899 8229, E-mail 
pam(5).purac.com 


Bedie et al., (2001) evaluated the use of antimicrobials, included in frankfurter 
formulations, on L. monocytogenes populations during refrigerated storage. Fully cooked 
and cooled frankfurters were inoculated with 10^ to lO'^CFU /cm^ of L. monocytogenes 
after peeling and before vacuum packaging. Samples were stored at 4° C for up to 120 
days and sampled for testing on assigned days. Results are as follows: 


ANTIMICROBIAL 

LEVEL (%) 

L. MONOCYTOGENES GROWTH INHIBITION 

Sodium lactate 

3 

70 days no pathogen growth 

Sodium diacetate 

0.25 

50 days no pathogen growth 

Sodium acetate 

0.25,0.50 

20 days no pathogen growth 

Sodium lactate 

6 

120 days no growth and reduced pathogen growth 

Sodium diacetate 

0.5 

120 days no growth and reduced pathogen growth 

Control 

0.0 

Increased to 6 logs in 20 days 


No pathogen growth refers to no increase in the number of inoculated 
L.monocytogenes cells (bacteriostatic); while reduced pathogen growth refers to a 
decrease in the number of inoculated L. monocytogenes cells (bactericidal) in the 
product. In this study, tables showed the reduction varied with storage days, but was up 
to LO log on some days. Antimicrobials were found to have no effect on pH except for 
sodium diacetate at 0.5 % which reduced the initial pH. Using the formulations and 
conditions in the study, establishments can add 3 % sodium lactate in the frankfurter 
formulation and obtain no growth of L. monocytogenes up to 70 days at refrigerated 
storage of 4° C. If the lethality treatment is adequate to eliminate L. monocytogenes , 
then the only probable source of L. monocytogenes would be from exposure of the 
product during peeling and repackaging. However, the establishment's sanitation 
program may keep the numbers to a very low level, and 3 % sodium lactate included in 
the formulation would inhibit the growth of L. monocytogenes during the product's 
refrigerated shelf life. Levels of sodium lactate at 6.0 % and sodium diacetate at 0.5 % 
showed a reduction of the pathogens, however these levels are above the permitted 
levels. 

This study by Samelis et al., (2002) used similar treatments, processing and inoculation 
procedures and frankfurter formulations as the previous study described above. However, 
in this study combinations of antimicrobials were used, and in combination with hot 
water treatment. Hot water treatment involved immersion of frankftirters, with two 
product links in a package to 75 or 80° C for 60 s. Storage at 4° C shows: 
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T P\/PT Q 

m 

INHIBITION 

Sodium lactate 

1.8 

35-50 days no growth 

Sodium lactate + 
sodium acetate 

1.0 

0.25 

120 days no growth; 35-50 days growth 
reduction 

Sodium lactate 
Sodium diacetate 

1.8 
0.25 

120 days no growth; 35-50 days growth 
reduction 

Sodium lactate + 

Glucuno-delta- 

lactone 

1 O 

1.0 

0.25 

120 days no growth, 35-50 days growth 
reduction 

Hot water treatment 
(80*^ C, 60 s) + 
Sodium lactate 

1 .o 

inoc. population reduced by 0.4-0,9 log 
CFUW,and 

ju- /u oays growin reouciion oy i . i - 1 .4 u/ 

cm^ 

Hot water treatment 
(80° C, 60 s) 


Increase in growth to about 6-8 logs in 50 days 

Control, no 
treatment 


Increase in growth to about 6 logs in 20 days 
and 8 logs thereafter up to 1 20 days 


*3 % of a 60 % (wt/wt) commercial solution. 


Glass et. al., (2002) evaluated sodium lactate and sodium diacetate on wieners and 
cooked bratwurst containing both beef and pork supplied by a commercial manufacturer. 
Antimicrobial solutions used were sodium lactate and sodium diacetate singly or in 
combination at varying concentration. Wieners were repackaged in gas-impermeable 
pouches, then surface-inoculated with L. monocytogenes mixture on multiple areas of the 
surface of each link. Packages were vacuum-sealed and stored at 4.5^ C for up to 60 days. 
Two types of cooked bratwurst from a commercial manufacturer were evaluated: 
bratwurst that was cured and naturally smoked and bratwurst that was uncured and 
unsmoked. Bratwurst was stored at 3 or 7° C for up to 84 days. 

The surface treatment consisting of dipping wieners into solutions containing up to 6 % 
lactate and up to 3 % diacetate for 5 s did not delay pathogen growth, indicating that 
dipping wieners in the lactate/diacetate solutions is not an efficient way to apply the 
antimicrobials . However, the inclusion of lactates and diacetates in the formulation was 
found effective in inhibiting growth of L. monocytogenes . Results are as follows: 
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PRODUCT 

Sodium 

Sodium 

L monocvtoeenes levels fCFU/oks^ 


Lactate (%) 

diacetate (%) 




0 1 

oruwin ucidycu lur t-iz wccK.a ai / auu j 

iinnirfH 

Ul IV U-1 




unsmoked 





2.0 

0.0 

Growth delayed for 1-2 weeks at 7 and 3° 




C storage, respectively. 

Bratwurst 

3.4 

0.1 

Growth inhibited for 12 weeks at 7 and 3° 





smoked 





0.0 

0.0 

Growth up to 1 log after 4 weeks at 7 and 




3°C 

Wieners 

3.0 

0.0 

Growth inhibited for 60 days at 4.5° C 


1.0 

0.1 

Growth inhibited for 60 days at 4.5° C 


Study by (Porto et al, 2002) used freshly processed peeled frankfurters in vacuum sealed 
packages obtained from a commercial manufacturer. Two formulations of links were 
used in the study: one with added 2 or 3 % potassium lactate and the other without added 
potassium lactate. Frankfurters were aseptically removed from their original package, 
repackaged, and inoculated with a mixture of L. monocytogenes. The packages were 
vacuum-sealed to 95 kPa and incubated at 4 and 10° C. 

Results show that addition of 2 % or 3 % potassium lactate in frankfurters can 
appreciably enhance safety by inhibiting or delaying the growth of L. monocytogenes 
during storage at refrigeration or abused temperatures. The viability of the pathogen was 
influenced by pH, and the levels of lactate added, but not by the presence of indigenous 
lactic acid bacteria. 


Potassium 
lactate (%) 

Inoculum 
CFU/Dke 

Storaee 
temo °C) 

Davs 
Storage 

L. monocvtoeenes levels CCFU/packaEe) 

2.0 

20 

4 

90 

Remained at about 1.6 log 

3.0 

20 

4 

90 

Remained at about 1.4 log 

3.0 

500 

4 

90 

Remained at about 2.4 log 

0.0 

20 

4 

90 

Increased to about 4.6 log 

0.0 

500 

4 

90 

Increased to about 5.0 log 

2.0 

20 

10 

60 

Remained at about 1 .4 log 

3.0 

20 

10 

60 

Remained at about 1.1 log 

0.0 

20 

10 

60 

Increased to about 6.5 after 28 days, 
declined to about 5.0 after 60 days 

3.0 

500 

10 

60 

Remained at about 2.4 

0.0 

500 

20 

60 

Increased to about 6.6 log after 40 days and 
declined to about 5.5 log after 60 days 
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II. Growth Inhibitor Packaging 

Growth inhibitor packaging is an intervention, which deUvers an active antibacterial 
agent to the surface of an encased sausage product. By incorporating this special coating 
onto the internal surface of cellulose casings, the antilisterial treatment is transferred to 
the surface of the processed meat/sausage during thermal processing. Upon removal of 
the casing, the treatment remains active on the meat surface, providing effective 
protection against inadvertent Listeria contamination during subsequent peeling, 
collating, and packaging processes. Growth inhibitor packaging used in conjunction with 
functional HACCP and Good Manufacturing Practices provides the industry with one 
more tool in their intervention strategy to control the risk of pathogen contamination in 
ready-to-eat meat and poultry products. 

Studies on meat formulations for hot dogs using NOJAX® AL™ (Viskase) showed that 
use of the casings provide a lethality hurdle to the growth of Listeria monocytogenes , not 
just an inhibitory effect. The lethality impact is delivered within the first hours/days of 
the sausage/hot dog package life. This impact is dependent on many variables but is 
generally in the range of 1 - 2 log kill of L. monocytogenes at high levels of inoculation. 
This performance has been observed in challenge studies conducted on hot dogs drawn 
from commercial full-scale trials at a number of commercial processing plants. In high 
inoculation trials, NOJAX AL has been combined with conventional growth inhibiting 
additives, and as expected, the lethality impact is obtained and then maintained 
throughout the product life cycle. In these same trials, without growth inhibiting 
additives, this casing produces lethality but in several weeks the remaining L. 
monocytogenes begin to grow. 

NOJAX AL is available in the U.S. having approval by both FDA and USD A for its key 
component, nisin. This GRAS component must be included in the ingredient statement 
via a label change request to the FSIS Labeling and Consumer Protection Staff Because 
this is a naturally derived polypeptide, there are storage and use-by criteria that will have 
to be adhered to by the user for maximum benefit. Casing shelf-life is about 60-90days 
with a not to exceed 85^ F. 

This technology can be applied to most hot dogs and sausages that are encased in 
cellulosic casing. This casing intervention can be used in any instance were casing is 
used as a mold for processed meat and poultry during thermal processing. This would 
include cellulose, plastic, and possibly natural casing. As part of a manufacturer's 
decision to use this technology, benefits are: 1) no capital costs or new equipment; 2) no 
change in processing steps, plant reconfigurations or introduction of process 
bottlenecks — essentially processor transparent in all aspects of use except casing storage 
requirements; 3) no impact on flavor, texture, or package appearance, and 4) minor 
labeling change to ingredient statement. 
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Since this is a surface treatment, cost will be proportional to the surface to volume ratio 
of the product: the larger the sausage diameter, the lower the cost per pound. In general, 
economic analyses put the cost of this lethality intervention at about 2-3 cents per pound 
of finished product, with a mid-range target price of 2.5 cents per pound for a traditional 
10-to-the-pound retail pack of hot dogs. 

Janes et al., (2002) investigated the effect of nisin added to zein film coatings (Z) coated 
onto cooked ready-to-eat chicken against L. monocytogenes . Cooked chicken samples 
inoculated with L. monocytogenes were dipped into Z dissolved in propylene glycol or 
ethanol, with or without added nisin (1,000 lU/g) and/or 1 % calcium propionate and 
stored at 4 C or 8 C for 24 days. After 16 d at 4 C, L. monocytogenes was suppressed by 
4.5 to 5 log CFU/g with zein film coatings with nisin. The most effective treatment in the 
study for controlling L. monocytogenes on the surface of ready-to-eat chicken was using 
edible zein film coatings containing nisin at a storage temperature of 4°C. 

The use of film coatings in a processing plant would be to fully process the meat products 
then coat them with the films. Coating can be done by spraying or dipping the processed 
meat products and then allowing them to dry. Zein coatings on the meat products can be 
dried by circulating air around the meat product using a fan. Finally, the dried coated 
meat products can be packaged with the usual plastic film material and refrigerated. 
Nisin is presently not approved in the USA for use on ready-to-eat meat and poultry 
products, and this study has not been tested in commercial poultry processing conditions. 

Some general observations from the published studies on antimicrobials: 

• Lactates, acetates and diacetates were found more effective in inhibiting growth 
of L. monocytogenes when used in combination than when used singly. 

• These antimicrobials were found more effective when used to the maximum 
allowable concentration. However, higher concentrations of antimicrobials used 
in the formulation may affect the sensory qualities of the product, such as flavor 
and texture, which would necessitate sensory evaluation of treated products. 

• When used in combination, the amount needed to inhibit growth may be reduced. 

• These antimicrobials were found to have listeriostatic activity more than 
listericidal activity, i.e. they prevent growth of the pathogen more than reduce the 
number of cells of the pathogen, and therefore may not be effective against gross 
contamination of a product. The establishment's sanitation program should 
control gross contamination of the processing environment and equipment. 
Addition of antimicrobials would be effective only as part of the overall HACCP 
strategy. 

• Including these antimicrobials in the formulation was found to be more effective 
in inhibiting listerial growth than dipping products in solutions of antimicrobials. 
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• The antimicrobial activity of lactates and acetates when used singly or in 
combination is affected by the level of contamination of the meat product surface, 
and processing factors such as pH, moisture, water activity, fat, nitrite, salt 
content, time and temperature of storage, and packaging atmosphere. 

• Application of the treatments used in these studies is limited to the formulations, 
products and treatments used in the studies. Applying these studies to other 
products and formulations may result in different rates of growth inhibition. 
Therefore the effectiveness of the antimicrobials used in these studies must be 
verified by the establishment for other processed meat products and other storage 
temperatures. 

• Antimicrobials used in the formulation must have an effective antilisterial activity 
throughout the commercial shelf life of the product. Currently the targeted 
commercial shelf life of refrigerated cooked meat products in the U.S.A. is 75 to 
90 days. 

• Using post-packaging thermal treatments in addition to antimicrobials was found 
to increase the total antilisterial effects of the antimicrobials. 

• These antimicrobials were found to be more effective in smoked products 
formulated with sodium nitrite, or in products stored at strict refrigeration 
temperatures. 

• Use of these antimicrobials may be a cost effective antilisterial method that very 
small establishments can use. 

D. Sanitation Guidelines for Listeria monocytogenes 

Control of L. monocytogenes is a challenge to a processing plant's sanitation program. 
The pathogen can grow in a damp environment, attach to surfaces that come into contact 
with raw or finished product, establish a niche and form biofilms. The sanitation program 
should include cleaning and sanitizing procedures that have been proven effective for the 
particular operation, separation of raw and RTE processing areas, traffic control, 
employee hygiene, and equipment flow and design among others. 

Proper and effective sanitation involves both cleaning and verifying that the cleaning and 
sanitizing was effective. This involves developing and implementing written sanitation 
standard operating procedures (Sanitation SOP's). Sanitation SOP's could be viewed as 
the first step to designing a total system, including the HACCP plan, that will prevent, 
eliminate, or reduce the likelihood of pathogenic bacteria from entering and harboring in 
the plant environment. The Sanitation SOP's as described in 9 CFR 416. 12 through 
416.16, give detailed mandatory requirements for developing and implementing the 
sanitation program, while 416.17 describes how FSIS will verify that each establishment 
is meeting the Sanitation SOP regulations. In brief, the regulations require the following: 
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• Development of Sanitation SOP's (416.12) - Each establishment shall develop a 
written Sanitation SOP that describes all sanitation procedures to be performed 
each day, before and during operations with specific frequencies of each 
procedure and the responsible person for each task. It must also describe the 
cleaning process for all food contact surfaces, utensils, and equipment used to 
process your product(s). This document must be signed and dated by either the 
person responsible for the overall sanitation operations or a higher level employee 
in the establishment once it is implemented, and when any changes are made to 
the Sanitation SOP's. 

• implementation of SOP's (416.13) - All preoperational procedures identified in 
the Sanitation SOP shall be done daily, before processing operations start. Each 
procedure must be performed at the specified frequency and they must be 
monitored daily. 

• Maintenance of Sanitation SOP's (416.14) - Each establishment shall routinely 
determine if the written Sanitation SOP is still effective in preventing direct 
product contamination and adulteration. If the Sanitation SOP is determined not 
to be effective because of changes in equipment, utensils, facility, operations, or 
personnel, changes in the procedures must be made to reflect changes. 

• Corrective Action (416.15) - The appropriate corrective action(s) shall be taken 
when it has been determined by FSIS or by an establishment employee that the 
written Sanitation SOP has failed to prevent direct product contamination or 
adulteration of your product(s). 

• Recordkeeping Requirements (416.16) - Daily records shall be maintained that 
describe how the sanitation activities were implemented and monitored, and all 
corrective actions; these records must be initialed and dated. Both computer 
records and paper records are appropriate however; additional controls may be 
needed to ensure the integrity of the electronic data. 

• Agency Verification (416.17) - FSIS will verify the effectiveness and adequacy 
of the written Sanitation SOP's to ensure that they meet all of the regulatory 
requirements. This will be done by reviewing all records, direct observations, and 
microbial testing as deemed necessary. 

1. General Procedures 

An example of equipment and processing room cleaning using eight steps is outlined 
below. Cleaning should be increased and intensified during periods of construction. 

1. Remove waste material. Dry clean equipment, conveyor belts, tables, floors to 
remove meat particles and other solid debris. Some equipment such as slicers and 
dicers need to be disassembled so that parts can be cleaned thoroughly. 
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Equipment may need to be cleaned and sanitized again after re-assembly. 

2. Wash and rinse floor. 

3. Pre-rinse equipment (rinse in same direction as product flow). Pre-rinse with 
warm or cold water - less than 140*^F (hot water may coagulate proteins or "set 
soils"). 

4. Clean and scrub equipment. Always at least use the minimum contact time for the 
detergent/foam. Written instructions should be provided on the location of 
possible niches and the cleaning method to use. CAUTION: Live steam for 
cleaning is not acceptable. 

5. Rinse equipment (rinse in same direction as product flow). 

6. Visually inspect equipment (repeat steps 3 and 4 if not clean visually or by testing 
such as ATP bioluminescence). 

7. Sanitize floor and then equipment to avoid contaminating equipment with 
aerosols from floor cleaning. Care should be taken in using high pressure hoses in 
cleaning the floor so that water won't splash on the already cleaned equipment. 
Hot water, at least 180°F, for about 10 seconds to sanitize equipment. Sanitizers 
(e.g., chlorine, quaternary ammonia, etc.) may be more effective than steam for L 
monocvtogenes control. If steam heating equipment in an oven or tarp, the target 
internal temperature is 160° F and hold for 20-30 min. Portable high-pressure, 
low volume cleaning equipment (131°F (55°C) with 20-85 kg/cm^ pressure and 6- 
16 liters/minute) can be used. 

8. Remove excess moisture. This can be done most safely and efficiently by drying. 
Reduced relative humidity can speed the process. Avoid any possible cross- 
contamination from aerosol or splash if a method other than air drying is used. If 
cross-contamination is suspected, repeat steps 4-7. 

II. Determining the Effectiveness of Sanitation Standard Operating Procedures 
(Sanitation SOPs) 

The establishment should determine if the cleaning and sanitizing procedures used was 
effective by visual examination or testing or both. 

1) Visual inspection of the equipment and environment. Visual inspection is the 
minimum means of determining the effectiveness of the sanitation standard operating 
procedures (SOPs). It can only detect observable contamination. 

a. Visually verify that no meat or product residue is on the equipment, especially 
those product contact surfaces and areas that may serve as niches for bacteria, 
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before the start of operation. 

b. Record the results of the visual inspection. 

c. If any residue is noted, corrective action should be taken and recorded. 

d. The monitoring record should be designed to show any trends of insanitary 
conditions. For example, if corrective action had to be taken on the first two days 
of operation for more than a week, this indicates a possible problem with cleaning 
and would have to be investigated to determine the source of the problem (e.g., 
improperly trained crew on those days, types of products processed). 

e. Visually verify that no meat or product residue is on the equipment, especially 
those product contact surfaces and areas that may serve as niches for bacteria, 
after post-processing cleanup. 

2) Visual inspection and use of ATP bioluminescence testing. Visual verification 
combined with ATP testing can determine both observable contamination and 
contamination from bacteria and meat/poultry residues that may not be visually 
detectable. The combined methods are more effective in determining the effectiveness of 
the sanitation SOP. 

a. The ATP test indicates the presence of both bacteria and meat or poultry residues 
and can be used to verify that no meat or poultry residue is on the equipment, esp. 
those product contact surfaces and areas that may serve as niches for bacteria, 
before the start of operation. 

b. Record the results of the ATP test and visual inspection. 

c. If any residue is noted or observed visually or the ATP test indicates an insanitary 
condition, corrective action should be taken and recorded. 

d. The monitoring record should be designed to show any trends of insanitary 
conditions. For example, if corrective action had to be taken on the first two days 
of operation for more than a week, this indicates a possible problem with cleaning 
and would have to be investigated to determine the source of the problem (e.g., 
improperly trained crew on those days, types of products processed). 

e. By ATP testing and visual examination, verify that no meat or product residue is 
on the equipment, esp. those product contact surfaces and areas that may serve as 
niches for bacteria, at the end of the shift. 

3) Visual inspection and total plate counts (TPC). Visual verification combined with TPC 
can determine both observable contamination and the level of bacterial contamination. 
Since TPC results cannot be obtained at the time of inspection, its value is the 
measurement of the level of contamination. The level of contamination may assist the 
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establishment in determining the source of contamination and the effectiveness of the 
sanitation SOP. 

a. Visually verify that no meat or product residue is on the equipment, esp. those 
product contact surfaces and areas that may serve as niches for bacteria, before 
the start of operation. 

b. Use swabs or ROD AC plates for sampling food contact surfaces, non-food 
contact surfaces, and the processing environment. 

c. Record the results of the visual inspection. 

d. If any residue is noted, corrective action should be taken and recorded. 

e. Record the TPC whm analysis complete. 

f The monitoring record should be designed to show any trends of insanitary 
conditions as determined by visual inspection or TPC. For example, if corrective 
action had to be taken on the first two days of operation for more than a week, this 
indicates a possible problem with cleaning and would have to be investigated to 
determine the source of the problem (e.g., improperly trained crew on those days, 
types of products processed). 

g. Visually verify that no meat or product residue is on the equipment, especially 
those product contact surfaces and areas that may serve as niches for bacteria, 
again after post-processing cleanup. 

III. Traffic Control 

Controlling the movement of personnel and raw and finished products will help prevent 
cross-contamination of finished products by raw materials and personnel. The following 
are steps that should be taken for traffic control: 

1. Establish traffic patterns to eliminate movement of personnel, meat containers, meat, 
ingredients, pallets and refuse containers between raw and finished product areas. 

2. Control traffic into and within the RTE areas 

a. If possible, use air locks between raw and RTE areas. 

b. Clean dry floors are preferable to foot baths. 

c. If foot baths are used: 

i) Wear rubber or other non-porous boots. 
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ii) Maintain them properly. 

iii) Solutions should contain stronger concentrations of sanitizer than normally 
used on equipment. 

(1) For example, 200 ppm iodophor, 400-800 ppm quaternary ammonia 
compound). 

(2) CAUTION: Chlorine is not recommended as it is too quickly inactivated 
esp. if cleated boots are used. Monitor and maintain its strength if used. 

iv) Use a minimum depth of 2 inches. 

d. Foam disinfectant spray on floor as people or rolling stock enter the room. 

3. Employees should not work in both raw and RTF areas, if possible. If they must work 
in both areas, they must change outer and other soiled clothing, wash and sanitize 
hands, and clean and sanitize footwear. 

a. Use different color smocks or helmets for raw and RTF areas so the workers and 
garments in the raw and RTF areas are readily distinguishable. 

b. Remove outer garments (e.g., smocks) when leaving RTF areas. 

4. Do not allow employees who clean utensils and equipment for raw materials to clean 
RTF utensils and equipment, if possible. If not possible, there should be a time 
separation when utensils for raw processing/handling are cleaned after RTF. The 
tools to clean utensils and equipment for raw materials must be different than those 
used to clean RTF utensils and equipment. 

5. Do not permit maintenance employees in RTF areas during operations if possible. If 
not possible: 

a. Consider the need to cease operations until a full cleaning and sanitizing is done, 
or, 

b. Maintenance personnel must change outer clothing and any other soiled clothing, 
use separate tools for raw and RTF areas (or wash and sanitize tools and hands 
prior to entering RTF areas) and wear only freshly cleaned/sanitized footwear in 
such areas. 

6. Use separate equipment, maintenance tools and utensils for the RTF and raw areas. If 
not possible, there should be a time separation between raw processing/handling and 
RTF processing. 
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7. Pallets can serve as a source of cross-contamination - pallets for raw materials should 
not be used in RTE areas or used for finished product. 

8. Drains from the "dirty" or "raw" side should not be connected to those on the "clean" 
or "cooked" side. 

IV. Employee Hygiene 

Employee hygiene is the responsibility of both the individual and management. The 
employee is responsible for preventing contamination of food products and the 
management is responsible for ensuring the employee is properly trained and maintains 
good practices. 

Employee responsibilities and actions should include: 

1. Use a 20 second hand wash after using restroom facilities. 

2. Wash hands before entering the work area, when leaving work area, and before 
handling product. 

3. If gloves are worn: 

a. Gloves that handle RTE product must be disposable. 

b. Dispose immediately and replace if anything other than product and food contact 
surface is touched. 

c. Dispose of gloves when leaving the processing line. 

4. Remove outer clothing when leaving RTE areas. 

5. Do not wear RTE clothing inside bathrooms or cafeterias. 

6. Do not store soiled garments in lockers. 

7. Do not eat in the locker room or store food in lockers. 

8. Do not store operator hand tools in personal lockers. This equipment must remain in 
the RTE area at all times. 

Management responsibilities should include: 

1. Providing hand washing facilities at proper locations. 

2. Ensuring the employee receives proper hygiene instruction before starting - use of 
hand soaps and sanitizers, no-touch dispensing systems, and boot and doorway 


24 


sanitizing systems. 

3. Developing a system for monitoring employee hygiene practices. 

4. Developing a system for tracking the training, tests taken, and certification. 

5. Retraining employees before placing back into production. 

V. Sanitizers 

Cleaning and sanitizing are vital to any effective sanitation program. Through cleaning 
should be followed by sanitizing. Generally, the cleaning step is to remove all waste 
materials and soils, and the sanitizing step is to destroy all microorganisms. Careful 
consideration should be given to selecting both, cleaning and sanitizing solutions. It is 
important to use solutions that are compatible with the equipment materials, such as 
stainless steel or heavy plastics, and solutions that are effective in destroying the type of 
bacteria commonly associated with the type of products you produce. Acidic quaternary 
ammonia, chlorine dioxide, and peracetic acid compounds were found to be the most 
effective in destroying attached organisms (Krysinski, L.J., et al;1992). 

To aid the cleaning and sanitizing employee in properly selecting and applying the 
product for its intended application, products that are specifically designed to clean soils 
in meat and poultry establishments and that are color coded for each application should 
be selected. An example of this kind of product is Quorum (Ecolab, Inc., St. Paul., MN). 
Another help for the cleaning employee is to select products with product label and 
instructions written in English and Spanish. 

VI. Sources and Control of Listeria monocytogenes Contamination 

Listeria monocytogenes is constantly introduced into the processing environment. It may 
be introduced in incoming raw product, processing environment or by employees. The 
following are steps that should be taken to prevent contamination of product with 
monocytogenes after cooking: 

1 . Verify that cooking or other control measures will eliminate L. monocytogenes . Most 
meat products implicated in human listeriosis are contaminated with L. 
monocytogenes after these measures are applied. Undercooked product may 
introduce L. monocytogenes to food contact surfaces or the environment after 
cooking and before packaging. 

2. Prevent contamination of product contact surfaces and prevent the formation and 
growth of L. monocytogenes in a niche, especially in areas after the cooking step. A 
niche is a harborage site within the plant that provides an ideal place for L. 
monocytogenes to establish and multiply. Certain strains can become established in a 
processing environment for months or years. L. monocytogenes can be spread from 
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these sites and re-contaminate food or food contact surfaces between the cooking step 
and packaging. 


Examples of reservoirs and harborages of L. monocytogenes in RTE 
processing environment 

Hollow rollers on conveyors 

On-off valves and switches 

Worn or cracked rubber seals around doors 

Vacuum/air pressure pumps, lines, hoses 

Cracked tubular rods on equipment 

Air filters 

Drains 

Condensate from refrigeration unit 
Floors 

Standing water 

Open or gulley drains 

Ceilings and over head pipes 

Overhead rails and trolleys 

Chiller and passageway walls and doors 

Chiller shelving 

Roller guards 

Door handles 

Boots 

Ice makers 

Saturated Insulation 

Trolley and forklifts 

Compressed air in-line air filters 

Trash cans 

Cracked hoses 

Wet rusting or hollow framework 

Walls that are cracked, pitted, or covered with inadequately sealed surface panels 

Maintenance and cleaning tools 

Space between close fitting metal-to-plastic parts 

Space between close fitting metal-to-metal parts 

3. Examine routes taken by products from heat treatment, or other control to eliminate 
L. monocytogenes , to final packaging. 
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Typical sites of L. monocytoeenes contamination 

Filling or packaging equipment 
Solutions used in chilling food 

Peeler, slicer, shredders, blenders, brine chill, casing removal system, scales, or 

other equipment used after heating and before packaging 
Spiral or blast freezers 
Conveyors 

Bins, tubs, or other containers used to hold food for fiirther processing 

4. Frequently clean sites known to support L, monocytogenes using effective cleaning 
procedures. The following is a recommended frequency for cleaning and sanitizing 
processing equipment and the plant environment: 

a. Daily 

i. All processing equipment 

ii. Floors and drains 

iii. Waste containers 

iv. Storage areas 

b. Weekly 

i. Walls 

c. Weekly/monthly 

i. Condensate drip 

ii. Coolers 

d. Semiannually 

i. Freezers 

5. Maintain equipment and repair parts or machinery in a manner to prevent food 
deposits that are not easily removed with normal cleaning. 

6. Implement a microbial sampling program to monitor and detect sources of L. 
monocytogenes in the environment. Environmental testing is more effective then 
product testing alone to monitor and detect Listeria in the environment. 
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7. Design a sampling scheme to locate a niche before L. monocytogenes becomes 
established. 

a. Use a statistically designed sampling plans based on probability, or 

b. Use prior experience and familiarity with processing conditions to 
determine the most likely source of contamination. All processing 
equipment would sampled but with a bias toward those areas identified as 
possibly problematic. 

c. Review at least the last month of results to determine trends or to revise 

sampling scheme. 

d. When a problem area is detected, take corrective action on the affected 
processing line as opposed to adjacent lines in the area. Target the area 
corresponding to the line associated with the findings for cleaning. 
Contamination is usually line specific. 

8. Take follow up tests to monitor the area and verify the cleaning results. 
Equipment Design 

Selecting the appropriate equipment enhances cleaning operations and help control 
monocytogenes in the plant environment. The following are steps to take when selecting 
equipment: 

1. If possible, develop a team (persons from Quality Assurance, Sanitation, 
Maintenance, and Production) to evaluate equipment before it is purchased or set 
specific requirements for plant equipment. 

2. Have the equipment reviewed by a third-party expert if possible. 

3. Select equipment designed to minimize sites on the exterior or interior where L. 
monocytogenes can grow. 

4. Select equipment designed to enhance cleaning. 

a. All areas and parts should be accessible for manual cleaning and inspection or 
be readily disassembled. 

i. Closed conveyor designs are more difficult to clean. Equipment on the 
processing line should be as easy to clean as possible. 

ii. Avoid hollow conveyor rollers and hollow framing. If hollow material 
is used, have a continuous weld seal instead of caulk. 
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b. Equipment should be self-draining or self-emptying. 

5. Select food contact surfaces that are inert, smooth and non-porous. 

6. Maintain equipment and machinery by adopting regular maintenance schedules. 

a. Damaged, pitted, corroded, and cracked equipment should be repaired or 
replaced. 

i. Repair parts or machinery in a manner to prevent food deposits that are 
not easily removed with normal cleaning. 

ii. Use separate tools for RTE equipment only. Sanitize them before and 
after each use. 

b. If compressed air is used, maintain and replace in-line filters regularly. 

c. Use lubricants that contain listericidal additives such as sodium benzoate. L. 
monocytogenes can grov^ in lubricants that are contaminated with food 
particles. 

d. Use the appropriate cleaners and sanitizers on surfaces or equipment. 

Thoroughly clean and sanitize equipment prior to using in production. Pathogens can 
live on surfaces that appear visually clean. 

VII. Determining the Effectiveness of Sanitation Procedures 

(Testing for Listeria monocytogenes. Listeria spp. or Listeria -like organisms) 

Establishments can verify the effectiveness of their sanitation program by testing food 
contact surfaces (PCS) and other relevant environmental surfaces. This section includes 
recommended testing of food contact surfaces for each alternative, a guide to testing for 
Listeria spp o r Listeria -like organisms, and an example of a hold and test scenario. 

A. Food Contact Surface and Environmental Testing 

The sampling frequencies for FCS testing suggested below should be increased if 
there is construction, change in the HACCP plan, roof leaks, or other event that could 
change or increase the probability of product contamination. Samples should be taken 
at least 3 hours after the start of operation. Up to 5 samples may be composited. 
However, it is recommended that like surfaces be composited (e.g., food contact 
surfaces with other food contact surfaces, etc.). The sample locations for the 
composite sample should be noted to assist in determining the site of contamination. 
Environmental samples other than food contact surface samples should be taken by 
the establishment. This will also assist the establishment in locating potential sources 
of contamination. 
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1. Alternative 1 - Use of a post-lethality treatment and an antimicrobial agent or 
process that limits growth of monocytogenes . 

i) Conduct tests of food contact surfaces for L. monocytogenes . Listeria spp., or 
Listeria -like organisms at least twice a year. 

ii) Sample at least 1 square foot area for each surface, if possible. 

iii) Record the test results. 

iv) If test results are positive fo r L. monocytogenes or Listeria -like or organisms: 

(1) Take corrective action which should include an intensified cleaning and 
sanitizing. 

(2) Record the corrective actions taken. 

(3) Retest the food contact surface. 

(4) Repeat corrective action and testing until samples are negative for L^ 
monocytogenes or Listeria -like organisms. 

(5) More than 3 consecutive positives should initiate intensified testing. 

2. Alternative 2 - Use of a post-lethality treatment or an antimicrobial agent or 
process that limits growth of L. monocytogenes . 

i) If a post-lethality treatment is used, conduct tests of food contact surfaces for 
L. monocytogenes . Listeria spp., or Listeria -like organisms at least quarterly. 

(1) Sample at least 1 square foot area for each surface, if possible. 

(2) Record the test results. 

(3) If test results are positive for L. monocytogenes or Listeria -like organisms: 

(a) Take corrective action which should include an intensified cleaning 
and sanitizing. 

(b) Record the corrective actions taken. 

(c) Retest the food contact surface. 
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(d) Repeat corrective action and testing until samples are negative for L. 
monocytogenes or Listeria spp., or Listeria -like organisms. 


ii) If an antimicrobial agent is used, conduct tests of food contact surfaces for L^^ 
monocytogenes , at least quarterly. 

(1) Sample at least 1 square foot area for each surface, if possible. 

(2) Record the test results. 

(3) If 3 consecutive tests of food contact surfaces are positive for Listeria spp., 
or Listeria -like organisms: 

(a) Take corrective action which should include an intensified cleaning 
and sanitizing. 

(b) Record the corrective actions taken. 

(c) Hold the product. 

(d) Test product for L. monocytogenes . 

(e) Retest the food contact surface. 

(f) Repeat corrective action and testing until food contact surface test 
results are negative for L. monocytogenes . Listeria spp., or Listeria- 
like organisms. 

(g) If the test results for the product are positive for L. monocvtogene5 , 

(i) Recall the product, if necessary, and 

(ii) Destroy the product, or 

(iii) Re-work the product with a process with a process that is 
destructive of L. monocytogenes . 

3. Alternative 3 - Use of sanitation control measures only to prevent contamination 
of product with L. monocytogenes . 

i) Conduct tests fo r L. monocytogene 5. Listeria spp., or Listeria -like organisms 
at least four times per month per line for large establishments, two times per 
month per line for small establishments, and once per month per line for very 
small establishments. (A large establishment is one that employs more than 
500 employees, a small establishment is one that employs from 10 to 499 
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employees, and a very small establishment is one that employs less than 10 
employees and one grossing less than $ 2,5 million in sales.) 
FSIS regards production volume as a more important risk factor than 
establishment size and intends to use volume as one of the primary triggers for 
when considering its verification activity. For now, regarding deli meat and 
hotdog operations, FSIS is considering the break-off between high volume 
and low volume to be approximately 1.3 million pounds yearly, derived from 
the RTE survey. 

ii) Sample at least 1 square foot area for each surface, if possible. 

iii) Record the test results. 

iv) If the first test result of a food contact surface is positive for Listeria spp., 
Listeria -like organisms, record the corrective actions taken. 

v) For establishments producing hotdog or deli meat products, if the second test 
result of a food contact surface is positive for Listeria spp., Listeria -like 
organisms: 

(1) Take corrective action which should include an intensified cleaning and 
sanitizing. 

(2) Record the corrective actions taken. 

(3) Hold the product or recall the product (see hold and test scenario below). 

(4) Test for L. monocvtogenes at a rate that provides a level of statistical 
confidence that the product is not adulterated. 

(5) Retest the food contact surface each day until the test result is negative for 
Listeria spp., Listeria -like organisms. 

(6) Continue to hold each day's production lot until the test results for the 
food contact surfaces are negative. 

(7) If the test results for the product are positive for L. monocvtogenes , 

(a) Recall the product, if necessary, and 

(b) Destroy the product, or 

(c) Re-work the product with a process with a process that is destructive 
of L. monocvtogenes . 
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vi) For establishments producing products other than hotdogs or deli meats, if 3 
consecutive tests of food contact surfaces are positive Listeria spp., or 
Listeria -like organism: 


(a) Take corrective action, which should include an intensified cleaning 
and sanitizing. 

(b) Record the corrective actions taken. 

(c) Hold the product. 

(d) Test product for L. monocytogenes . 

(e) Retest the food contact surface. 

(f) Repeat corrective action and testing until food contact surface test 
results are negative for L. monocytogenes . Listeria spp., or Listeria- 
like organisms. 

(g) If the test results for the product are positive for L. monocytogenes , 

(i) Recall the product, if necessary, and 

(ii) Destroy the product, or 

(iii) Re-work the product with a process with a process that is 
destructive of L. monocytogenes . 

FSIS realizes that some establishments' sanitation and testing program may be exceeding 
the guidance provided above. In this case, FSIS may put the establishment's product into 
a lower expected frequency for verification testing within the appropriate sampling frame 
under the following conditions: 

a) The establishment addresses major construction within its control program such 
that the intensity of sanitation and the verification testing procedures are increased 
during the time of the disruption and for a period of time following the disruption 
until the data demonstrate that there is no harborage of L. monocytogenes or its 
indicator organisms. 

b) The establishment has a good history of proper maintenance of the control 
program, particularly in regards to such things as the sanitation program, reacting 
to conditions that might indicate that harborage o f L. monocytogenes or its 
indicator organisms is occurring, and appropriately reacting to positive test results 
for L. monocytogenes or indicator organisms. 
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B. Guidelines for Listeria spp. and Listeria -like testing for food contact surfaces and 
other environmental testing 

Listeria spp. or Listeria -like organisms are the indicator organisms to be used for L^. 
monocytogenes because their presence indicates the potential presence of the pathogen. If 
these specific indicator organisms test negative, this is indicative that L. monocytogenes 
is not present. Aerobic plate counts (APC), total plate counts (TPC), and coliforms are 
not appropriate indicator tests for L. monocytogenes . Results from these tests do not 
indicate the presence or absence of the pathogen. However, testing for these organisms 
can be done in addition to the testing for L. monocytogenes or its indicators to monitor 
the effectiveness of the cleaning procedures and level of contamination during 
processing. FSIS microbiology laboratory methods are available and can be downloaded 
at http://www.fsis.usda.gov/OPHS/microlab/mlgbook.htm 

1 . Listeria spp. testing 

i) The methodology must employ enrichment prior to Listeria spp. screening. 

ii) Listeria spp. screening is conducted from the enrichment using an 
immunoassay, nucleic acid assay, or equivalent Listeria spp. -specific 
technology. 

iii) The above enrichment and screening must be part of a method in use by a 
government agency (i.e., FSIS or FDA) or validated by a recognized body 
(e.g., AO AC, AFNOR, ISO, etc.) for the detection of Listeria spp. and/or L 
monocytogenes . Specific validation for environmental sampling is 
encouraged but not a requirement at this time, 

2. Listeria -like indicator testing 

i) The methodology must employ enrichment prior to Listeria -like indicator 
screening. 

ii) The Listeria -like indicator positive screening result may be indicated by the 
presence of suspect Listeria spp. colonies after selective plating, or may be 
indicated by biochemical changes to screening broths (e.g., Fraser Broth) that 
are consistent with the potential presence of Listeria spp. 

iii) The above enrichment and screening must be part of a method in use by a 
government agency (i.e., FSIS or FDA) or validated by a recognized body 
(e.g., AO AC, AFNOR, ISO, etc.) for the detection of Listeria spp. and/or L 
monocytogenes . Specific validation for environmental sampling is 
encouraged but not a requirement at this time. 

iv) Aerobic plate counts, ATP assays and other indicator organism tests that do 
not specifically meet the above requirements may be employed by the 


establishment for supplemental sanitation testing. However, these tests do not 
meet the FSIS expectations for Listeria spp. or Listeria -like indicator food 
contact and other environmental surface testing programs that may be 
conducted by the establishment. 

C. Hold and Test Scenario 

Assuming it takes to 3 days to obtain a test result for Listeria spp., or Listeria -like 
organisms: 

Day 1 - Take food contact surface (FCS) samples 

Day 4 - FCS sample positive (from Day 1) for Listeria spp., or Listeria -like organisms. 

Take Corrective Action 

Intensified cleaning and sanitizing 
^ Test FCS— target most likely source of contamination, and additional tests in 

surrounding FCS area 
^ Continue production. 

Day 7 - Second FCS sample (from Day 4) positive for Listeria spp., or Listeria -like 
organisms. 

Take Corrective Action 
Intensive cleaning and sanitizing 
^ Test FCS- target most likely source of contamination, and additional tests in 
surrounding FCS area 

Hold and test product (for L, monocytogenes) for lot implicated in the positive 
FCS testing. 

Continue production, hold product from the day's production 

Day 8- 

^ Test FCS— target most likely source of contamination, and additional tests in 

surrounding FCS area 
^ Hold product from this day's production 

Day 9- 

^ Test FCS— target most likely source of contamination, and additional tests in 

surrounding FCS area 
^ Hold product from this day's production 

Day 10- 

If FCS sample (day 7 sample) is negative for Listeria spp., or Listeria -like 
organisms. 

Continue production and release product from days 7, 8 and 9 production 
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^ Resume FCS testing according to frequency stated in sanitation program 


If FCS sample (day 7 sample) is positive for Listeria spp., or Listeria -like 
organisms: 

Hold product from day 10 production. 

Test product from days 7, 8, 9, and 10 for L. monocytogenes 

Take corrective action 

Intensive cleaning and sanitizing 

Take FCS sample- target most likely source of contamination, and 
additional tests in surrounding FCS area 

Day 14 - If product is positive for L. monocytogenes , do not release product to 
commerce and destroy product, or rework product with a process that is destructive of L. 
monocytogenes . 

Every time there is a second or more (consecutive) FCS positive, product is held and 
tested for L. monocytogenes . Only product lots implicated with a second or more 
consecutive FCS positive are held and tested. Every time there is a product positive for 
monocytogenes , product is recalled, if not held, and destroyed or reworked with a 
listericidal process. Once the FCS testing is negative, implying that the corrective action 
is working, production is continued. 

Repeated FCS positives would imply a critical sanitation problem and the establishment 
need to conduct intensive testing and intensive cleaning and sanitizing. The establishment 
should have provisions in their FCS testing program for these kinds of situations. 

D. Sentinel Site Program Example 

Some establishments have adopted a sentinel site program for the control of L. 
monocytogenes in RTE meat and poultry products. A sentinel site program is similar to 
traditional Listeria control programs - separate testing programs for the environment and 
food contact surfaces and increasingly aggressive corrective actions to eliminate Listeria 
when it is detected. The distinctive characteristic of this control program is that in the 
case of a positive Listeria test result for a food contact surface area, the sanitation of that 
particular area will be included in the HACCP plan as a CCP. The CCP is removed when 
the establishment determines that the food safety hazard has been eliminated and is not 
reasonably likely to occur. 

The CCP is the sanitation program for the particular site and food contact surface 
sampling as verification of the CCP. If a food contact surface or non-food contact surface 
tests positive for Listeria spp. or Listeria -like organisms, testing is intensified in the area 
of the positive. 

If a non-food contact surface sampling site is found to be positive for Listeria spp. or 
Listeria-like organisms during routine monitoring, intensified sampling is initiated as 
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soon as possible. Under intensified sampling, three samples per day (one each at pre-op, 
1^* shift, 2"^* shift) are analyzed until a total of nine consecutive samples have been taken 
and are negative for Listeria spp. or Listeria -like organisms at that particular site. Swabs 
are analyzed for each day of production. If a sample finding is positive, testing of that site 
continues until nine consecutive samples are negative for Listeria spp. or Listeria -like 
organisms. Once nine consecutive samples are found negative, that site will returned to 
routine sampling. 

Similarly, the food contact surface site that initially tests positive for Listeria spp. or 
Listeria -like organisms will be placed under intensified testing. If nine consecutive 
samples under the intensified testing are negative for Listeria , that site is returned to 
routine monitoring. However, if the food contact surface tests positive under the initial 
intensified sampling, sanitation for that area is designated as a CCP since Listeria cannot 
be considered a hazard not reasonably likely to occur. The site testing positive for 
Listeria would be considered a suspect harborage for L. monocytogenes and corrective 
actions taken. Testing becomes the verification step. 

Intensified sampling under the CCP requires that 3 samples per day (one each at pre-op, 
1^* shift, 2"^ shift) be taken until nine consecutive samples are negative for both Listeria 
spp. and L. monocytogenes . If a sample is positive for Listeria spp. but negative for L. 
monocytogenes , additional sampling days are added (3 samples per day) until nine 
consecutive samples are negative for both Listeria spp. and L. monocytogenes . All 
product that has contact with that particular site must be placed on hold pending testing 
results. 

If nine consecutive samples are negative for Listeria spp. and L. monocytogenes , the site 
can be returned to routine sampling. Product can be released when the line and 
production date receive negative test results for L. monocytogenes . Any sites testing 
positive for L. monocytogenes would require testing of the product. 
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Sentinel Site Program 
Example Flowchart 

1. Routine Environmental Sampling 

a. 5 samples/line/week 

i. 3 - food contact surface samples 

ii. 2 - non-food contact surface samples 

iii. Listeria spp. 

2. Non-food Contact Surface Testing 

a. If negative for Listeria spp., continue Routine Environmental Testing 

b. If positive for Listeria spp., intensify sampling 

i. Collect 3 samples/site/day for 3 consecutive days for Listeria spp. (9 
consecutive samples) 

ii. If 9 consecutive samples are negative for Listeria spp., return to 
Routine Environmental Sampling 

iii. If any sample is positive, continue sampling 3 samples/site/day until 9 
consecutive samples are negative 

3. Food Contact Surface (FCS) Testing 

a. If negative for Listeria spp., continue Routine Environmental Testing. 

b. If positive for Listeria spp., intensify sampling. 

i. Collect 3 samples/site/day for 3 consecutive days for Listeria spp. (9 
consecutive samples). 

ii. If 9 consecutive samples are negative for Listeria spp., return to 
Routine Environmental Sampling. 

iii. If any sample is positive, make sanitation for that site a CCP 
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Collect 3 samples samples/site/day for 3 consecutive days for Listeria spp. 
and L. monocytogenes (9 consecutive samples). 

If 9 consecutive samples are negative for Listeria spp. and L. monocytogenes , 
return to Routine Environmental Sampling and eliminate the CCP. 

[f a sample is positive for Listeria spp. but negative for L. monocytogenes 

i. Place product on hold 

ii. Release product if site and production date have negative results for L 
monocytogenes 

iii. Continue testing until 9 consecutive samples are negative for Listeria 
spp. and L. monocytogenes , then return to Routine Environmental 
Sampling and eliminate the CCP 

If any sample is positive for L. monocytogenes , test the product for L^ 
monocytogenes 

L Reprocess or destroy product testing positive for L. monocytogenes 
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[57] .ABSTRACT 

Precooked food products,, especially meat products, 


which have been unpackaged and furth^ processed, are 
repackaged in a heat tolerant structure and exposed to 
temperatures of between about 160* F, and 205* E for 
30 seconds to 10 minutes, time and temperature depend- 
ing on the particular product This post pasteurization 
treatment extends the shelf life of the product 

4 QaimSy No Drawings 


A statutory inyention registration is not a patent It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent No article or adrertise- 
meht or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in- 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see.3fU;S.C157. 
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POST-PASTEURIZA'nON 


BACKGROUND OF THE INVENTION 

The present invention relates t the processing of 
food products and more particularly t the ftirther pro- 
cessing of cooked meat products. 

The processed meat industry is a large and growing 
portion of the total food packaging market 


It is well known that as microbial coimts dimb to 
100,000 to 1,000,000 count/gram, the food product 
becomes increasingly unacceptable. 

Although shelf life is ajBomewlwt subjective barome- 
ter of food quality, organoleptic and ther measures can 
be used t determine shelf life f r a given food product 
The inventor has found that for example for roast 
beef, the shelf life using the post pasteurization process 
of the present invention is extended from 45 days (with- 


rtion of the totalfoodpackagmg market _ reheating) to 60 to 90 days (with reheating). 

•Processed meats" mcludes luncheon meats, smoked ..rff UffuLr the nOst 


meat products, reconstituted and other forms of meat 
which are often packaged and sometimes repackaged, 
and also often cooked before shipping to a pomt of sale. 

Cooking containers, typically thermoplastic bag3 
such as the CN bags available torn W. R. Grace & 
Co.-Conn. through its Cryovac Division, are often used 
in packagmg and cooking processed meats. 

A typical practice in the processed meats industry is 


For turkey breasts, shelf life using the pOst pasteuriza- 
tion process is extended from 21 to 31 days without the 
use of this process to between 60 and 90 days with the 
use of this process. 

The invention has also been found useful in the treat- 
ment of hauL The presence of salt and nitrites in ham 
will also assist in shelf life, so that improvements at- 
tained by the use of the post pasteurization process of 


TO ^'^V'^^^'^^^^ » ^ , ^. _ ^ The optimum temperature range and 


cooking, followed by some form of further processing 
This further processing can include the addition Of col- 
orants and seasonings, slicing of the processed ineat 
product to smaller portions, ^aung and the like. 

While these further processing procedures are often 25 
done to enhance the valxie and marketability of the 
processed meat products, they can also result in undesir- 
able recontamination of the product surface with mi- 
crorganisms which the cooking process would have 
typically destroyed. 

The inventor has found that by taking such repro- 
cessed ^ked 
items, aa 


30 



the bacterial load which was reintroduced to the prod- 
uct surface is 'obtained. 

Reprocessing can involve submerging the resurfaced 
product in hot water (160* F. to 205* F.), or a compara- 
ble medium for dwell times ranging ftom 30 seconds to 40 
10 minutes. 

SUMMARY OF THE INVENTION 

In one aspect of the bavention, a method of treating 
cooked meat products comprises packaging the cooked 45 
meat product in a flexible heat tolerant container; plac- 
ing the packaged meat product in a heated medium kept 
at a temperature between about 160* F. and 205* F.; and 
maintaming the package in the heated medium for be- 
tween about 30 seconds and 10 minutes. SO 

In another aspect of the invention, the invention com- 
prises a packaged meat product which has been cooked 
in a bag or casing; removed from the bag or casing; 
further processed; repackaged in a heat tolerant con- 
tainer; exposed to a temperature of between about 160* 35 ity 


The optimum temperature range and dwell time for 
reheating cooked and repackaged food products is 
product dependent and also time/temperature related. 

As an example, some high &t products such as sau- 
sage can only withstand a limited reheating before 
purge and discoloration. 

In the case of ham and turicey breast products, it has 
been found that a temperature of between about 180* F. 
and 200* F., and more preferably about 190* F., held for 
between 60 and 90 seconds is optimal in reducing mi- 
crobe co\mt and extending shelf life. 

Within any temperature range and dwell time range, 
generally the higher the temperature the lower the 
required dwell time to obtain optimum results; 

While the exact effect on the bacteria or microbes 
from this post pasteurization treatment is not com- 
pletely understood, it is suspected that the bacteria are 
either destroyed or ixyured so as to "inactivate" the 
bacteria and prevent product spoilage. 
In a typical„f^j)rocessing ppg^^o&JLSI^*! 

^^"^^^^^^^^^^^^^ 
After 3»e cooking cycle is completed, the cooked food 
product is removed f^om the bag. 

At this point. fl^^^Jp such as the addition 
of colorants and seasonmgs, shcmg or trunmmg or tne 
food product, the addition of glazing (caramel) and 
similar processmg is sometimes done. It is during this 
reprocessing that microorganisms typically destroyed 
or inactivated in the origLoal cooking process can be 
reintroduced to the food surface. In the case of meat 
products, the growth of the microbe population can be 
especially rapid pending upon the exposure to person- 
nel, equipment, and atmosphere in the processing fadl- 


F. and 205* F. for a period of between about 30 seconds 
and 10 minutes; and cooled. 


DESCRIFnON OF THE PREFERRED 
EMBODIMENTS 

The present invention provides a means for reducing 
the microbial numbers which are introduced during 
re-processing of cooked unpackaged processed meat 
products. 

The microbes referred to here are generally those 65 
that can affect the shelf life and organoleptic quality of 
the food product These include lactic acid organisms, 
aerobes and anaerobes. 


The present invention provides an effective way of 
delaying the microbial growth created by such repro- 
cessing. The reprocessed food product such as a meat 
product is packaged in a heat tolerant container or 
60 structure such as the CN 530 material used for the origi- 
nal heating process. Other heat tolerant materials, bags, 
pouches and structures may also be used depending on 
the time/temperature requirement and the degree of 
heat tolerance of the container, as well as other factors 
such as cost f tiie heat tolerant material 
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ranges are between 160* F. and 205* F. The preferred 
dwell time is between about 30 seconds and 10 minutes. 

The heating medium is preferably hot water, al- 
though steam (for example in a smoke house) or other 
h t liquids, or heated gasses such as heated air may also 
be used in some cases. In most applicati ns and for most 
food products, hot water is the preferred heating me- 
dium. 

The invention may be further understoal by refcrr 
ence to the examples g^ven below. The TBA values 
referred to in the examples refer to rancidity (fat break- 
down). A standard test b used for determining TBA 
values, which measures the presence of breakdown 
products. 

EXAMPLE! 

Twenty-four previously nonvacuumized whole hams 
were obtamed approximately three days after ptoduc- 
tioa Employing unsanitary practices (no gloves, etc.), 
the hams were removed from their stockinettes, halved ^ 
and placed in either a B 540 (9"X20") barrier bag or a 
CN 530 (9" or 10") bag. Both of these bag products are 
available from W. R. Grace & Co.-Conn. through its 
Cryovac Division. All products were vacuumized and 
heat-sealed on a Koch/Multivac AG-800 machme. 
Nine half hams packaged in B 540 and nine packaged b 
CN 53d were shrunk for two seconds in a Groen Model 
500 Water Cook Tank operating at 205* F. Samples 
treated in this manner served as experimental controls. 
The remainder of the CN 530-packaged hams (27) were 
exposed to 205* F. for either 30, 60 or 90 seconds in a 
Groen Model 500 to pasteurize the surface of the prod- 
uct A three-minute period was allowed between each 
pasteurization treatment to ensure equilibrittm of the 
cook tank temperature. All samples were chilled in ah 
ice, .water bath immediately following pasteurization 
and, were placed in an open display cabinet operating at 
34* F. to 38* F. arid 80 to 120 ft^. Samples were evalu- 
ated after Day 1 and 6 weeks. 12 weeks and 18 weeks of ^ 
St rage. 

Replicate ham samples were analyzed in duplicate or 
triplicate for the total aerobic (20* C), total anaeorbic 
(20* C), lactobacilli and pseudomonas counts after each 
storage period, *=— — -"-^ 


TABLE 1-continued 


Average Microbial Population on the Surface of 
VacQvm-l^dtaged Half Hams Exposed to 20S* F. 
for 2. 3a 60 or 90 Seconds 


Organisms/gn* 


Orgaoisni 


Treatment^ 


Total 


(90 Sec) 

Barrier Bag 

(2Sec) 
CNS30 
(2Sec) 
(30 Sec) 
(60 Sec.) 
(90 Sec) 
Barrief Bag 

(2Sec) 
CN530 
( JSec.) 
(30 Sec.) 
(60 Sec;) 
(90 Sec.) 


Day 

I 

6 

Weeks 

12 
Wcdcs 

18 
Weeks 


2.05' 

2.15' 

122' 

100" 

6.00" 

6J7" 

5.66* 

1 10" 
2.00" 
100" 
2^ 

6lOO" 
5.06* 
2.44* 
2^3' 

6J4" 
5.78* 
3.90* 
150* 

5.84* 
5.96" 
4.29* 
2^0* 

2jG0" 

^SO* 

6.78* 

6.S0" 

2.44" 
2.00" 
2XX3F 
2.18" 

6.95" 
4.86* 
2.18* 
2.00* 

6.76" 
5J9" 
4.18* 
2^0* 

6.70" 
6.64« 
4.65* 
2.22' 


25 


30 


*^or each type of organfam cvattnted, any iwo raeau wi^ 

same or one of the same letten are hoc tisiuficandy (P < 00$) diflerent (aaalyus 

conducted accordiaB to SAS Oenexal Uncur Modeh Piocedura). 

^reatmenl « Packagng oaierial ind Icngtli oTcapcrare at 209* F. 

'Mean Log of total eooDU on die ssi&ce of lialf hams. 


TABLE 2 


TBA and pH Values of Half Horns from Week 18 of Storage 


Packaging. 
Material 

Exposure Ttme 
at 205' F. 

Mean 
pH Value 

Mean 
TBA Value* 

Barrier Bag 

2Sec. 

5.25 

a37 

CN530 

2Sec 

5J8 

0.24 

CN530 

30 Sec. 

5.18 

034 

CN530 

60 Sec. 

6.02 

a40 

CN530 

90Sec. 

6.02 

a36 

*T3A valttes greater 

than li> indicate riacidity. 



During the test, the total aerobic population, the total 
anaerobic population and the lactobacilli organisms 
showed compatible responses due to pasteurization and 
storage. Pseudomonas organisms remained constant 
(< 100) throughout the test, regardless of the treatment 
or the sampling period. Although there were no differ- 
ences in the microbial population at Day 1, the micro- 
During the first evaluation period, bial numbers of hams which were pasteurized for 60 or 


'swab- and "scalpel" sampling methods were em- ' 90 seconds remained lower than other samples through- 
ployed. Both sampling techniques produced similar the remainder of the test 

results so the "scalpel" method was used for all subse- Table 1 indicates that hams which were pasteurized 

quent evaluation periods. for 60 or 90 seconds had a microbial population which 

In addition to microbial analyses, pH and TBA values significantly less than those found in Barrier Bag or 


were determined on 18-wcek-old samples. Ham color 
and purge accumulation and viscosity were subjectively 
determined throughout the test 
- The results are graphically summarized in Tables 1 
and 2. 

TABLE I 

Average Microbial Population on the Surface of 
Vacuum-Paclaged Half Hams Exposed to 205* F. 
for 2. 30. 60 Of 90 Seconds 
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Organisms/gni* 


60 


Orsantsm 


Treairoent^ 


Day 
I 


6 

Weeks 


12 
Weeks 


18 
Weeks 


Total 
Aerobes 


Barrier Bag 
(2 Sec.) 
CN530 
(2Sec) 
(30 Sec) 
(60 Sec.) 


2.18" 6uOI« 6.77" 6.48'* 55 


2J3' 
2.00" 
2.00* 


6.04" 
6.46* 
105f 


6.84" 
6.70" 
4.30^ 


6.65" 
6.40" 
4.84" 


CN 530 controls at each week of storage. Hams which 
were pasteurized for 30 seconds had counts which were 
significantly less than controls up to the 12th week of 
storage^ but this difference in microbial numbers dimin- 
ished by the 18th week of storage. From the results seen 
in Table 1 , it appears that the 60- and 90-second pasteur- 
ization treatments, and to a lesser extent the 30-sccond 
treatment, significantly affected the outgrowth of all 
microbial inhabitants during storage. No differences 
could be seen in rancidity development indicated by 
TBA values over 1.0), but hams which received a 60or 
90-second pasteurization had pH values at Week 18 
which were 0.64 to 0.84 pH units above the rest Lower 
pH values (at 2 seconds and 30 seconds) are indicative 
of increased growth f lactic acid producing bacteria. 

In addition to these results, visual evaluations were 
made. A visible, clear purge began to accumulate and 
increase in quantity after the first week of storage. CN 
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SAMPLE. 
DESCRDP- 
TION 


530 samples pasteurized for 30 seconds and Barrier 
and CN 530 controls had a milky white purge after 12 
weeks of storage. Hams pasteurized for 60 or 90 seconds 
had a clear purge acciimulation whicl^ increased during 
the test These latter two samples were judged to be 
acceptable though,.as many processors only fed there is 
a loss in quality (shelf life) when a milky purge accumu- 
lates. 

EXAMPLE 2 10 

A precooked turkey product and a smoked sausage 

product were removed from the original packaging 

material and dipped into an inoculum suspension. 

For purposes of this example, several inocula were 
prepared. These consisted of several species each of 13 
streptococcus faecium;, salmonella spp. and Clostridium 
Sporogenes. Both mixed species and single species inoc- 
ula were used. 

The inoculated products were placed on a stainless sample 
. sted rack and allowed to drain for at least two minutes 20 
to remove excess liquid. The moculated product was 
then placed into Cryovac CN 530 bags and scaled using 
a Koch/Multivac A 300 packaging machine. 

Immersion heating was accomplished using a water 
tank heated by steam injection with agitation to approx- ^ 
imatdy 190* F. Inunersion time was about 60 seconds. 
The product was then cooled immcdiatdy for about 60 
seconds. 

A mixed speciies inoculum was prepared by combin- mocuhmi 
ing equal volumes of the single species inocula. 

The results of immersing the inoculated products in 
the steam bath are itemized m Tables 3 through 5. 

TABLE 3 


TABLE 4-continued 


Cbuno of SalmoneOae Tor turkey breast lod sausage tnoculcted 
with -<i«Tmrt«>ii« at the 10^ and lOC perml level m aingie 
and mixed spedes iaocnla. 


INOCULUM 
TYPE' 


IK. 
OCULUM 
LEVBL 


MEAN 

(CFU/IN^) 
(turkey 
. breast} 


MEAN 

(CFU/IN^) 

(Sattsage) 


S 
M 
M 
M 


10? 


34 X 10> 
1.4 X 10"> 
13 X lO' 
3.6 X 10^ 


IJ X 10* 

U X 10" 

3.5 X 10^ 

4.8 X 10* 


TABLES 


Counts oiS,/aecfum for turkey breast and sausage 
inoculated with /ocdkm at the lO' and lO' per ml 
level tn ainele end mixed species inocula. 


INOCULin^ 
TYPE* 


IN* 
OCULUM 
LEVEL 


MEAN 
(OnJ/IN* 
(turkey 
breast) 


MEAN 

(CFU/IN* 

(Sausage 


ittocutum 
heated 


unbeated 
heated 

inocttlnst 


30 


heated 


S 
M 
M 
M 

S 
S 

s 

M 
M 
M 


10^ 

10' 
109 

10> 


X6X 10* 

9.9 X 10* 

8.7 X 10» 

3JX 10« 

9.9 X 10* 

8.7 X lOJ 
4.6 X 10^ 
8.0 X \(fi 
7jOX 10* 
42 X 

17 X 10' 

6.8 X 10* 


3.6 X 10* 
7J X 10* 
9.8 X 10* 
3.2 X 10« 

9.8 X 10* 
8.6 X 10* 

4.6 X 10» 

4.7 X 10* 

8.9 X 10* 
4J X 10" 
5J0 X 10* 
1.1 X 10* 


Counts of C j^wnvenef for i""°ocuiated turkey breast a^ 
sausage, and turkey breast and sausage inoculated with C 
sporogena at the 10* and 10* spores/ml level hi single 
^_ fS> and mixed (M) species inocula. 
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SAMPLE 
DESCRIP- 
TION 


IN- 
OCULUM 
TYPE 


IN- 
OCULUM 
LEVEL 


MEAN 
(CFU/IN^) 
(turkey 
breast) 


MEAN 
(CFU/IN*) 
(Sausage) 


inocnhsn 


tnoculusi 


heated 

inoculum 


heated 


S 
M 
M 
M 
S 

s 
s 

M 
M 
M 


10* 
10* 
10* 
10* 
10* 
10* 
10» 
10* 
10* 
10» 
10» 
10» 


<1jOX 10* 
<IjOX 10* 

4J)X 10* 

UX 10* 

7.8 X i(y» 

3JX 10* 

UX 10* 

7JX 10» 

IJ) X 10' 

6.6 X 10* 

6.6 X 10* 

4X) X 10» 

1.4 X 10* 

8.2 X 10* 


1.0 10* 

4J)X 10* 

2.1 X 10* 
2.0 X 10? 
5JX 10* 
7JX Itf* 
4JX 10» 
UOX 10 

4.2 X 10* 
11 X 10« 
4.0 X 10* 
6.7 X 10* 
4.7 X 10* 


40 


43 


30 


TABLE 4 
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Counts of Salmonellae for turkey breast and sausage inoculated 
with SahnoneUa at the lO' and lO' per ml level in single 
and mixed species inocula. 


SAMPLE 
DESCRIP- 
TION 


INOCULUM 
TYPE» 


IN- 
OCULUM 
LEVEL 


MEAN 
(CFU/IN^ 
(turkey 
breasO 


MEAN 

(CFU/IK*> 

(Sausage) 


60 


inoculum 


inocuhim 


inoculum 


S 
S 
S 
M 
M 
M 
S 
S 


10' 
10' 
10' 
10' 
10' 
10' 
109 
lO' 


8J X 10^ 

15 X 10* 
9.8 X 10* 
1.4 X 10* 
8.8 X 10* 
1.8 X 10* 

16 X 10* 
1.4 X 10' 


8.3 X 10* 
L4X 10* 
8.7 X 10* 

1.4 X I0» 
3.7 X 10* 
3.6 X 10* 
2.6X 10* 
5.0 X 10* 
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The mean values are an average of between 1 and 3 
replicatcmeasurements, each replicate measure having 
two duplicates. 

The results found in Tables 3 through 5 represent a 
**worse case*' scenario and are somewhat artifidal in 
that artificially high levels of microbial organisms were 
mtroduced to the surface of the test products. Even 
here, improvements were obtained. 

EXAMPLE 3 

A second study along the same lines as that of Exam^ 
pie 2 was performed, using the same two products and 
three organisms found in Tables 3 through 3. In this 
study, pasteurization was performed at 205* F. for 2 
minutes. 

The results were substantially like those obtained by 
the treatment of Example 2. 

EXAMPLE 4 

Caramel-glazed cooked turkey breasts were exposed 
to a temperature of 195* F. in a shrink tunnel for I 
second, and then to the same temperature for a period of 
90 seconds. It was found that the shelf life of the food 
product was extended from about 14 to 21 days of shelf 
life (without treatment) to about 60 days with the heat 
treatment just described. 

EXAMPLES 

Whole top rounds of whole muscle roast beef were 
injected 10% with a solution of salt and phosphates. 
They were packaged in a cook-and-strip material, CN 
500, and were cooked to an internal temperature f 145* 
F. Following chilling, the beef was rubbed with a 
caramel-based seasoning, halved and packaged in CN 
530. 


7 

Post*pasteunzatioa was conducted at 205* F. for 5 
minutes. Roast beef is an uncured item with lower salt 
leveb.which can withstand longer dwell times without 
any detrimental effect to product quality. 

The results were about the same as f r Example 1. 5 

These in-house results are in agreement with actual 
production experience in the field. A 10-minute dwell 
time at 170* F. or a 5-minute exposure to 190* F. gave 
counts on split insides which were lower after 56 days 
than non-pasteurized controls after 28 days. In essence, 10 
the shelf life was doubled* 

While the invention may be understood with respect 
t the examples describing specific embodiments of the 
invention, those skilled in the art will understand that 
appropriate modifications in both length of time and 15 
temperature range for pasteurization, depending on the 
particular product to be pasteurized, will become ap^ 
parent to one skilled in the art after reviewing the speci* 
fication. 

What is claimed is: 20 
1. A method of treating cooked meat products com- 
prismg: 


8 

(a) packaging the cooked meat product in ia flexible 
beat*tolerant container, 

(b) placing the packaged meat product m a heated 
medium kept at a temperature f between about 
160* F. and 205* R; and 

(c) maintaining the package in the heated medium for 
between about 30 seconds and 10 minutes. 

Z The method of claim 1 wherein the packaged meat 
product is immersed mto hot water. 

3. The method of claim 1 wherein the immersed meat 
produa is kept at a temperature of between about 180* 
F. and 200* F. for a period of between about 30 and 90 
seconds. 

4. A packaged meat product which has been: 

(a) cooked in a bag or casing; 

(b) removed from the bag or casing; 

(c) further processed; 

(d) repackaged in a heat tolerant container; 

(e) exposed to a temperature of between about 160* F. 
and 205* F. for a period of between about 30 sec- 
onds and 10 minutes; and cooled. 

« * « • « 
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The Unitherm Browning Process 

The inventor in this application, David Howard, is the President of Unitherm 
Food Systems, Inc. David Howard and Unitherm developed and sell a browning 
process which has been found by the United States District Court for the Western 
District of Oklahoma to fully anticipate and invalidate all of the claims of U.S. Patent 
No. 5,952,027, issued to Singh. A copy of the Court's order declaring the Singh 
patent invalid is enclosed herewith. 

In the Unitherm process, precooked whole muscle turkey breasts and other 
products are removed from their cooking bags and are preferably then first 
conducted through a continuous infrared oven solely for the purpose of melting 
accumulated purge material from and drying the product surface. The product is 
then dipped in or deluged with liquid smoke or other browning liquid and conveyed 
through a browning oven. To Applicant's knowledge, all uses of this browning 
process heretofore have also involved the use of an intervening chilling step after 
browning and prior to packaging. 

The infrared purge removal and drying step of the Unitherm browning 
process has been used solely for melting purge and drying the surface and has not 
been performed for the purpose of, and is not effective for, surface pasteurization. 
Moreover, the infrared oven used for the purge removal procedure includes only 
upper infrared elements. The oven includes no elements positioned under the 
conveyor belt for irradiating the bottom of the product. In addition to being 
unnecessary for the purge removal process, the positioning of infrared elements 
beneath the belt would pose a serious safety hazard because the lower elements 
would ignite the purge material as it drips from the product. 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF OKLAHOMA 


(1) UNITHERM FOOD SYSTEMS, INC^ 
an Illinois coxporation; and 

(2) JENNIE-0 FOODS, INC^ 
a Minnesota coiporation. 

Plaintiffs, 


(1) SWIFT-ECKRJCH, INC d^b/a 

CONAGRA REFRIGERATED FOODS, 
a Delaware coiporation. 

Defendant 



Ai/G i\ 9 2002 


No. aV-01.347-C 


i^OCKETED 


ORDER 

On September 14, 1999, the United Slates Patent and Trademark Office C^PTO") 
issu^ Paient No. 5^52,027 (the "^027 patent") to Prem S. Singh ("Singfa'O. Mr. Singh filed 
the'027patentapplicationwiththePTOonMayll,]998. Mr. Smgh subsequently assigned 
the *027 patent to Defep^iant Swifl-Eckiicli, Inc., d/b/a/ ConAgra Rcj&igerated Foods 
("ConAgra''). PlaintifS Unithenn Food Systems, Inc., and Jennie-O Foods, Inc. 
(^nitheim^, Ixave moved this Court to invalidate the '027 patent 

ConAgra, for its pan, asks the Court to dismiss the Plaintiff' caxises of action 
numbered eight (tortious interference with existing contractual and business relations), nine 
(intentional interference with prospective economic relationships), ten (actual or constructive 
firaud), eleven '(violation of the Sherman Antitrust Act), and twelve (violation of the 
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Oklahoma Antitrust Refonn Act). Due to prior Court Order and/or stipulations of dismissal 
between the parties, a grant of summary judgment for Defendant on the above causes of 
action would leave the Plaintiff with one remaining cause of action - a declaration by this 
Court that US. Patent 5,952,027 (the "^027 patent") is invalid and unenforceable. 

The Plaintifife' claim of invalidity and unenforceability is discussed first, as it is j&om 
this Court's decision on the validity of the *027 patent diat the oAer claims flow. 
A PlmnUffs^ Motion for Pattial Summary Judgmm^ 

L Patent Validity 

"Under 35 U-S,C. § 282, a patent is presumed valid and one challenging its validity 
bears the burden of proving invalidity by clear and convincing evidence.** Mas-Hamilton 
Croup V. Lagard. Inc.^ 156 F3d 1206, 1216 (Fed. Cir. 1998). The Court has previously 
presumed the '027 patent valid in the hands of its inventor (and assignee) and refused to 
order a requested transfer of inventorship. However, that does not mean thai the patent is 
indeed valid, it is only presumed so. 

Section 102 of U.S.C- Title 35 provides, in relevant part 
A person shall be entitled to a patent unless ^ 

(b) the invention was . . . described in a printed publication in 
this or a foreign coxmtry or in public use or on sale in this 
country, more than one year prior to the date of the application 
for patent in the United States. 
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Plaintiffe claim that the process disclosed in the *027 patent was on sale aad/or in public use 
in the United States prior to May II. 1997, and the patent is tberefonj invalid and 
unenforceable. To prove their assertion, Plaintiffe must show either **a definite sale or offer 
for sale of fte claimed invention prior to the critical date" or a "public use" of the invention 
prior to the critical date. Pfcff v. Wdls Electronics. Inc., 124 F3d 1429, 1433 (Fed. Cir. 
1997). ajSTd, 525 U.S. 55 (1998). Here, the critical dale is May 1 1 , 1997. 

Plaintiffs maintain that David Howard ofUnitherm is the true inventor of the process 
at issue, and that he offered the process for sale prior to May 11, 1997, even repeatedly 
offering it to fee Defendant. ' From the papers submitted, and as more fully discussed be! w, 
it is clear to the Court that David Howard and Unitheim indeed offered a process for sale as 
early as 1993. However, the question for flie Court is whether the process offered by Mr. 
Howard was identical to the process in the '027 patent Thus, tite Cooxt must examine not 

'. ' ' ' ' ' 

only The -pzpsrs submitted by Hit parties, but also the patent itself. However, Defendant has 
objected on admissibility grounds to each of the nearly 80 exKbits attached to the AfSdavit 
of David Howaid ("Howard Affidavit") submitted by Plaintiff in siq^port of their motion. 
Defendant has moved to strike each of lhese exhibits. Therefore, before considering them 
in the context of these motions, the Court must first decide whether the exhibits are 
admissible. 


* However^ for the purpose of this motion only, Plaintiffe concede that the process ^vas 
invented by Defendant, but argue that for this issue it is immaterial. 
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2. Admissibility 

Defendant objects to the exhibits attached to the Howard Affidavit on 
authentication/hearsay grouiids. The Court discusses each of these hais to admissibility in 
turn below. The motion lo strike is contained solely in footnotes to Defendant's response 
brief. The Court condemns this practice, but, rather than delay the case by requiring the 
filing of a separate motion and brief, the Court now decides the motion. 
a. Authentication 

Fed. R. Evid. Rule 901(a) states, in relevant pare 

The requirement of authentication ... as a condition precedent 
to admissibility is satisfied by evidence sufficient to support a 
finding that the matter in question is what its proponCTt claims. 

Rule 901(b)(1) renders Defendant's objections frivolous as the exhibits are attached to^ or 

are in actuality, sworn afiidavils of a "witness with knowledge"* that the documents are what 

diey are claimed to be. Id Further, the Amended Howard Afifidavit submitted with 

Plaintiffs' Reply brief remedies any arguable failings of the initial AfiBdavit Thus, the Court 

finds that the documents attached to tiie Howard Affidavit are properly authenticated. 

b : Hearsay 

Defendant also attacks many of the exhibits as inadmissible hearsay. 
Fed. R, Evid. 801. However^ the Court agrees with the Plaintiffs " contention that ihc exhibits 
fall underlie business records exception" to the hearsay rule found in Fed R- Evid. 803(6). 
The Court also agrees that not only are the records of one's own business excepted from Ae 
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hearsay rale, but also records received from other businesses, wher«, as here, the 
requirements of Fed. R. Evid. 803(6) are met United States v. Johnson, 971 F.2d 562, 571 
(10* Cir. 1992). The Court finds that the authenticated exhibits attached to the Howard 
AfGdavit fell under a hearsay exception and are admissible. Thus, the Defendant's Motion 
to Strike is hereby DENIED. 

Having dispensed with the evidentiary objections, the Court mow discusses the 
exhibits submittied by the Plaintiffe to ascertain what **process" may have been developed by 
David Howard, and what be offered for sale prior to May 1 1, 1997. 

3. Unitherm's ''Process" 

From the submitted exhibits the Court finds that Uwthenn was atten^ting to sell 
oveos along with its process for browning and/or smoking muscle meats as early as 1 993. 
Prior to May 1 1 , 1997, the process consisted of flie following: 

Removing purge material from a pre-cooked whole muscle meat product using hot 
water, drying ihe rinsed product prior to applying browning and/or smoking agent by either 
rapidly conveying the rinsed product through a circulating air oven at 350*^ for less than one 
minute or by using the first zone of the oven for drying and then applying a "browning and/or 
smoking agent betwe^ the first and second zones. Browning and/or smoking die product 
over a range of temperatures (from about 250*C to 350*C) to obtain a spectrum of colois, 
with product shrinkage of as little as 1 % or less. Liquid smoke, Maillose^ turkey broth, other 
flavorants and combinatioiis thereof at overall concentrations of about 20-100% are used. 


Some solutions comprising mixtures of broth and Maillose or liquid smoke have broth 

concentrations of5%, 10%, and higher. Appendix G,Unithenn's Response to Interrog.Nos, 

1, 8; Appendix E, Howard Aff., Exh. 1 1 . 

A promotional video ("the Proctor/Unitherm video") filmed September 14, 1993, in 

Elk Grove, Ulinois. includes demonstrations of pre-cooked, whole muscle tmkey breasts and 
hams being, or which have been, dipped in a Maillose or liquid smoke solution and then 
conveyed through a RapidFlow oven. These products are shown beside a pre-cooked tmkey 
breast that was taken out of the cooking bag and washed and dried, as were the o&er 
products, but was not dipped or browned. The video notes that a spray station can be added 
between oven zones for smoking, jflavoring, or oihancing product browning. Appendix E, 
Howard Aff. UTi 14-1 8, Exhs. 12A-Q, 1 3, 81 . 

Importantly for this case, the Unitfaerm process was demonstrated -co Syed Hussain, 
who was present on behalf of Defendant, at a '"test** conducted on September 30, 1993, at 
Unitherm's fecility. PlaintifFs Brief at 8, citing Appendix B, Defendant's Answer ^ 14. 
Defendant admits that the "tests" involved applying Maillose to the surfece of a fiiUy cooked 
turkey breast and then conveying the breast through a RapidFlow circulating air oven at 280- 
300" C for 7 miniites. Id, 

Unitherrii data dated October 14, 1993, indicates "five different runs" were made at 
the behest of Defendant with dip times of one minute in solutions ranging iGpom 50% to 5%. 
"Internal core temperatures were all 36" F (2" C) or less, wifli none increasing more than 3® 


F(l-i/2 C). Yields ofup to 98.7% were obtained." PlaintifiTsBrief at 9; atfn^Howard 
Aff., Exk 25, Defendant argues that the *W* were made in the interest of Unitherm 
selKng, not a process, but ovens to Defendant In fact. Defendant aHeges that it had earher 
disclosed the process at issue to Unithenn. Plaintiffs* Brief at 9; citing App. B, Defs. 
Answer HTf 12-1 4. However, this assertion is belied by the testimony of Messrs. Hussain and 
Singh - that tiiey do not know how Unifherm "derived the concept of using Hqnid browning 
agent or liquid smoke in conjunction with the RapidFlow oven to brown whole muscle turkey 
products.*' Plaintif&'Briefat9n.6,citingApp. J,SinghDep.pp. 146-47; App. X, Hussain 
Dep. pp. 115-16, 158. 

From October 26 to December 1, 1993, copies of the Proctor/Uniflierm video were 
distributed, primarily by mafl and at trade shows, throughout the indusny. Transmittals and 
related letters accompanying the videos variously discuss: "the next generation of turkey 
browning systems;" successful unifonn browning using Maillose; yields of 98-99%; 
processing times under eight minutes; application of MaiUose by drenching, submersion, or 
between cooking zones; "the 'browning' process;** and an internal tengjerature rise of less 
than 1*C. Id., Howard Aff., Exhs. 15-20. One letter stales that the items in the video were 

I 

processed in about seven minutes, /(sf., Exh. 18. 

Unitheim did not, and never intended to, patent the process at issue. 
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4. Summary Judgment Standard 

Summaiy judgment is appropriate if the pleadings and affidavits show there is no 
genuine issue as to any material fact and that the moving party is entitled to judgment as a 
matter of law. Fed. R. Civ. P. 56(c). "[A] motion for summaiyjudgment should be granted 
only when the moving party has established the absence of any genuine issue as to a material 
fact** Mustang Fuel Corp. v. Yomgstown Sheet & Tube Co., 561 F.2d 202, 204 (10th Cir. 
1977). The movant bears the initial burden of demonstrating the absence of material fact 
requiring judgment as a matter of law. Celotex Corp. v. Catrett^ All U.S. 317, 322-23 
(1 986). A fact is material if it is essential to the proper disposition of the claim. Anderson 
V. Liberty Lobby, 'inc., AT7 U.S. 242, 248 (1986), 

The critical question here is whether there is clear and convincing evidence liiat 
Defendant patented a process on May 11,1 998, that was on sale and/or in public use before 
May 11, 1997- As stated ajpove^ if the answer is afBrmati^ the Defendant*s patent is invalid 
and uneaforceable. The Court must first construe the claims of the '027 patent to discern 
whether Mr. Singh should have been barred from patenting this invention. 
5. Oaims 

In order to zsstss the **metes and bounds'* of apatcnt, it is &e Court's role to interpret 
and construe the patent's claims. Markman v. Westview Instruments, Inc., 52 F-3d 967, 970, 
997 (Fed. Cir. 1995). "When a court construes the clainns of the patent ... the coiirt is 
defining the federal legal rights created by the patent document." Id. at 978, As repeatedly 


stated by the Federal Circuit and the Supreme Couil, the Court is the sole arbiter of claim 
construction. See Markman at 977. "*To ascertain ihe meaning of claims, [the Court] 
consider[s] three sources: the clainis, the specification, and the prosecution history."* 
Markman at 979, quoting Unique Concepts, Inc. v. Brown, 939 F.2d 1558, 1561 (Fed. Cir. 
1991). "[I]deally there should be no ^ambiguity' in claim language to one of ordinary skill 
m the art that would require resort to evidence outside the specification and prosecution 
history." Markman 2I 986. Tn this case ftie prosecution history of flie '027 patent has not 
been submitted; thus, the Court relies solely on the claims and tiie specification for its 
construction of the '027 patent claims. 

The Court has bera made aware of a recent case. Juicy Whip. Inc. v. Orange Bang, 
Inc., 292 F.3d 728 (Fed Cir. 2002), where the court held that Orange Bang did not "present 
substantial evidence satisfying its clear and convincing burden of proof fliat ii . , . practiced'' 
a "conipletc eihbodimcntQ of the claimed inventioiL'' Id. at 738, The coun further stated 
the general propositioxi diat **oral testhnony of prior public tise must be corroborated in order 
to invalidate a patent" Id. at 737-38. Here, because of the Court's ruling that the submitted 
documentary evidence is admissible, there is voluminous corroborating evidence 
accompanying the deposition testimony in this case. Thus, the Court's task is to discern 
whether Unithemi practiced a complete embodiment of the invention claimed in the *027 
patent prior lo May 11,1 997. 
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The *027 patent includes 36 claims (2 independent and 34 dependent) and is entitled: 
Method/or Browning Precooked, Whole Muscle Meat Products. The first independent claim 
(l)isfon 

A process for browning precooked, wholemusclemeatpioducts 
comprising: coatmg a brovming liquid pyrolysis prodact onto 
at least a portion of Hie surface of a precooked whole muscle 
meat product; and then e)q}Osing the coated surface to an energy 
source and selectively heating Ae coated surface of the whole 
muscle meat product at a texx^erature and for a time su£Eicient 
to develop a golden-brown color on the exposed surface, 
without substantial shrinking ^ precooked, whole muscle meat 
product 

*027 patent, col- 8, 11. 4^14.. , ; 

Hie rest of the claims are variations on the theme of Claim 1, utilizing difiercnt heat 
sourcfe temperatures (abo^ut 60** C. - about 290*' C), core meat temperatures (less dian 5*^ C. 
- 13* C), shrinkage (less ihsa. 1-4 wL %), products (tuikey, chicken, fish), browning liquid 
pyrolysis products (hardwood, sugar^ dextrose), amount of browning product (.05 - LO wL 
%), masking agmts or flavoring enhancing compositions, utilizing turkey flavor and/or broth 
in the browning liquid pyrolysis product (,5 - 1 5 wL %), and energy sources (circulating air 
oven, impinging iair oven, laser light, medium wavelength energy infta red radiation or 
microwave radiation). The PlaintifEs' chart of the parallels between the Unithenn process 
and the *027 patent succinctly demonstrates that tiie two "raventions" are one and the same* 
Plaintiffs* Brief at 28. Thus, the Court finds that the '027 patent describes flie Unitherai 
process prior to May 11,1 997. 
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Defendant's only rebuttals are disputed interpretation of the claim tenns "golden 
brou^'' and *l3rowning liquid pyrolysis product** and that D 
or offered the Unitherm process for sale. These are discussed in turn below. 

6. Golden Brown 

To begin^ tibe *027 patentee did not act as his own 'lexicographer^ and failed to 
specifically define the term "golden browiL*' Rexnord Corp, v. TJie Laitram Corp., 21 A F.3d 
1336. 1342 (Fed Cir. 2001). 2001 U.S. App, LEXIS 24810, *!! ("pateat lawpennits the 
patentee to choose to be his or her own lexicographer by clearly setting forth an explicit 
definition for a claim tenn that could differ in scope from that which would be afforded by 
its ordinaiy meaning^). Thus, the Court views the term "golden brown** with its plain 
meaning to one of skill in the ait Talbert Fuel Sys. Patents Co. v, Unocal Corp., 275 F3d 
1371 (Fed. Cir. 2002), 2002 App. LEXIS 241 *7, supra. "Golden brown" is defined 
as '*a variable color averaging a strong brown thai is yellower and sli^tly darker than gold 
brown, yellowef and paler than average russet, and yellower and less strong than rust** 
Webster 's Third New International Dictionary, 975 (1 986). 

Defendant aigues that '^a determination of *golden brown' under the '027 Patent 
necessitates a Hunter-Lab Color Meter measurement of &e L, A and B values of that 
product^ Defendant's Response at 40, Defendant iiiither asserts that examples in "die 
specification limit the term golden brown to color measurements ranging from L= 48.9-532; 
A=9.6-14.3; and B=29.8-39.9. However, "courts cannot alter what the patentee has chosen 
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to claim as his invention. . . limitations appearing in the specificatioD will not be read into 
claims, and. , . interpreting what is meant by a word in a claim 'is not to be confused wift 
adding an extraneous limitation appearing in the specification, which is inqjropw.*" 
(emphasis in caiginal). Intervet America. Inc v. Kee-Vet Labs,. Inc., 887 F.2d 1050, 1053 
(Fed Cir. 1989), quoting EJ. Du Pom De Nemours & Co. v. Phillips Petroleum Co., 849 
F.2d 1430, 1433 (Fed. Or. 1988). "'[CJouits do not rework claims. They only interpret 
them.'" Id., quoting Autogiro Co. of America v. United States, 384 F.2d391, 395-96 (Ct CI, 
1967). The Court has "set forth the asserted claimQ in fuH above and it is clear that [it] 
makc[s] no reference whatever to [limiting "golden brown" to LAB color measmwnents].** 
at 1055. ' , i, 
' The Court thus disagrees withpefCTdant's misupported assertion that "golden brown** 
is defined in &e '027 patent The Court finds tbai the specification only makes clear that the 
inventors used language such as: "The following examples are included to further illustrate 
the invention. They are not limitations thereon"* (emphasis adde<^. *027 patent, col. 5, 
D, 48-49, Tht patentee bad every opportunity to define by limit the term "golden brown'^ and 
chose not to do so. The Court finds that &e closest thing to a definition of goldaa brown in 
the '027 patent appears at col. 1,11. 1 5-1 8, "consraners place a premium on precooked, whole 
muscle meat products that have the same golden brown color • , • as their home-cooked 
counterparts " The Court further finds that documents submitted by Plaintiffs, e.g. Howard 
Aff., Exhs. IE, 44C, and A4F, clearly encompass a **golden brown" product. 
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Finally, Defendant's expert in sensoiy evaluation declares that "no system or test has 
been iised to verify that the color computer printouts attached • . . to Plaintiffe* Motion 
. . . accurately reflect the color of a product with certain L, A and B values/* Defendant's 
Response, Exh B, p- 2, However, because the Court finds that LAB values do not limit the 
term golden brown in the *027 patent, the assertion is irrelevanL 

7. Browning Liquid Pyrolysis Products 

Defendant also claims that Plaintif5£s mi&construe the phrase **browning liquid 
pyrolysis product^ by relying on the application of liquid smoke- Defendant states that there 
arc a number of liquid smoke products that do not promote browning and those products are 
thus not browning liquid pyrolysis.products as defined in the *027 patent The Court jfinds 
that the term is not, as Defendant asserts, defined in the '027 patrat Second, the Court notes 
ihai there are other pyrolysis products which do not promote browning. However, it is 
undisputed that Unitbenn sometimes used a browning liquid smoke product, which is a 
browning liquid pyrolysis product Importantly, Unitherm's process also us^ Maillose as 
a browning agent Maillose is not liquid smoke but is undisputedly also a browning liquid 
pyrolysis product The Court finds it enough that at least two such browning liquid pyrolysis 
products, as called for in the '027 patent, were used. 

8. public Use/OnrSale Bar 

In Pfoff^^ Wells, supra, the Supreme Court elucidated a two-part test for an cn-sale 
ban 1 ) the producr must be the subject of a commercial offer for sale; and 2) the invention 
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must be ready for patenting. 525 U.S. at 67-68. Here, the PlaintifEs have stated undisputed 
facts which show, as a matter of law, that the Umthenu process was on-sale and ready for 
patenting as early as 1 993. The Defendant argues that // did not sell or use the process in the 
*027 patent prior to the application cut-off date. While that maybe true, the undisputed fact 
is that it was demonstrated and offered by Unithemi for sale to the Defendant Therefore, 
the fact that it wasn't Defendant who made a public use or sale of the process is iirelevant. 
Even if Mr. Singh did invent tiie process at issue, it was unpatentable due to Unitherm's offer 
for sale prior to May 11,1 997. The coirespondaice between Unifherm and the Defendant 
establishes this finding as tiieir co-existence in relation to a potential sale of the Unxthcnn 
process goes back at least to 1993. 

Further, (he fad lhai Unithenn sold its process lo Hudson Foods and that Hudson 
Foods had product, produced by the Unithemi process, on flie market by April 1997 is 
undisputed- PlaintifEs' Brief, Exh. N. Defendant stresses Unitherm sold Hudson an 
oven, not a process. Hudson's representative claims that the process was in fact Hudson 's 
and they purchased Unifherm's ovot because, '*fh^ [Unithenn] had an oven . . . that would 
do this [in-line smoking and/or browning] better in this particular application." Exh. N at 
1 59- It is undisputed that the *'basic process [utilized by Hudson] was the same [as David 
Howard's]. Exh. N at 244. **rT]he primary change . . . was the addition of a conveyor system 
that took it through a [RapidFlow] oven.^ Id. 
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The Court finds Hudson's test data to reveal tiiat after purchasing and utilizing 

Unithenn equipment, Hudson practiced a complete embodiment of the invention claimed in 

' the '027 patent in February, 1997. SeeExh.NatWB-000081-85, Forillttstration, the Court 

insMts the Hudson data parenthetically within Claim 1 of the * 027 patent: 

A process forbrowning precooked, whole muscle meatproducts 
(breasts) conq)rising: coating a browning liquid pynolysis 
product (liquid smoke, MAILLOSE from 45 seconds to 70 
seconds) onto at least a portion of the surface of a precooked 
whole muscle meat product; and then exposing the coated 
surface to an energy source (Unitherai 3-2one R^dFIow oven) 
and selectively heating the coated surface of the whole muscle 
meit' product at a temperature and for a time sufficient to 
develop a golden-brown color (299^ C- -.354^ C. at 7nL 48 s- - 
9m BOs. resultant colors fix)m **daTk'* to *'golden brown with 
black highlights'^ on the exposed surface, without substantial 
shrinking (1-7 - 3.1 i5%) Ac precooked, whole muscle meat 
product . ^ 

: ' •/ ' ■ ' 

'027 patent, col. 8, 11 4-14. 

The Court iiniis the abbve tlo be clear and convincing evidence that the Unithenn 
process, patentee! by the Defendant^ was on-sale and in use (by perhaps more than one 

company), prior to May 11, 1 997, 

. ' ■ ' ' ' 

Defendant rq)eatedly stresses to the Court that Unitherm's attempts to sell its process 

i ' ' . ** 

were confidential arid thus not public! the Defendant misapplies the law of public Use. Tbs 

^ The Court notes that the tcmpcrarure of 299^ C. is higher than the upper range of 2^ C, 
in the *027 patent However, the Court also notes that the terapeiature in Example 1 of the '027 
patent was 570T. which converts to a temperature of 299® C. Further, tiie process offered for sale 
by Uniiherm utilizes oven tempoatures ranging from 250*^-350** C. The undisputed Tee/* to the 
process of in-line brovdungismd/ox smoking is a calculus of temperature over time thai results in the 
desired golden brown! I^nd-p^duct; . ' 


purpose of the public use bar is "to require inventors to assert wi& due diligence their right 
to a patent through the prompt filing of a patent application-" LaBotmtyMfg. v. Intern, 
Trade Com % 958 F2d 1066, 1071 (Fed Cin 1992) (emphasis added). Defendant correctly 
asserts the proposition that "third party secret commercial activity . . . [should not act as) a 
[public use] bar [against ConAgra]-*' Woodland Tnistv.FIowertree Nursery. 148F-3dl368, 
1371 (Fed. Cir. 1998). This is to protect patentees from losing their patent rigihts when a 
third party has also practiced the invention at issue, without the patentee's knowledge. This 
is not the case here. It is undisputed that employees for Defendant were aware of the 
technology as early as 1 993. It is also undisputed that Hudson Foods puorchased technology 
from Unitherro in February 1997, and a mass mailing of videos and associated 
correspondence, regardless ofDavid Howard's expectations of scCTecy, resulted in tbe public 
distribution and offer for sale of the Unitherm process. It is absurd to argue thai tbe 
technology was somehow "secref See OddzOn Prods., Inc. v. Just Toys, Inc.^ 122 F3d 
1396, 1402 (Fed Cir. 1997) ("secret prior art [is] art that has been abandoned, suppressed, 
or conceaied^- The undisputed facts establish, as a matter oflaw, that "secret^ prior art does 
not exist in this case and does not bar application of § 102(b). 

The Court has closely examined the voluminous documentation submitted in 
connection with fiie present motions and concludes that the Defendant's patent describes a 
process that was both on sale and in public use prior to May 11,1 997, Thus, the Court finds 
the 1999 issuance of the '027 patent was in error. Because the Court finds the '027 patent 
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to be invalid and unenforceable, it is not necessaiy to discuss the PlaintifEs' allegations of 
Defendant's ftaud on the Patent OfSce. The Court now examines the remaining causes of 
action in turn, as the Defendant has moved for summary judgment on each- 
B. Defendant's Motion f or SwnmaryJudgmeni 
J. Anitrust Violations 

Defendant argues that tbe two Plaintiffe' antitrust claims cannot succeed for different 
reasons: 1 ) UniAenn is not a con^eti tor of the Defendant in the market for sliceable cooked 
turkey products; and, 2) ^ramie-O cannot show any antitnist injury as a result of any action 

■ ' 't I : i*^ . i' iS* * . , 

i ; • . ! t 

of the Defendant The Court agrees only witii the latter and discusses each argument 

separately below, i . , 

OL Unitherm 

The Sherman Act . § 2 siaieSyin relevant part 

**Eyeiy person who shall monopolize, or attenspt to monopolize, 
or combine -or conspire wiA any otiier person or persons, to 
monopolize any part of i!b& trade or commerce among the 
several States . . . shall be deemed guilty of a felony." 

15U.S-C.§2. ■ ■ .. I ■ 

The offense of monopoly nnder § 2 of the Sherman Act has two elements: (1 ) the 

possession of monopoly power in the relevant market, and (2) the willful acquisition or 

maintenance of that power as distinguished from growth or development as a consequence 

of a superior product, business acumen, or historic accident. United States v. Grinnell Corp.^ 

384 U,S, 563, 570^71 (1966). 


The Clayton Act states, in relevant part 

"[A]ny person who shall be injured in his bnsmess , . . by reason 
of anything forbidden in the antitrust laws may sue 
therefor . . . wiAout rtspect to the amount in controversy, and 
shall recovCT threefold tiie damages by him sustained ^ 

I5U.S.C.§15. 

ConAgra argues that Unithemi cannot succeed on its antitrust claims because 
Unitherm is not a conipetitor of ConAgra and thus has no antitrust standing. The Court finds 
that the law is not as ConAgra argues it to be. 

In Walker Process Equip, v. Food Mach. & Chenu Corp,, 382 172 (1965), the 
Supreme Court held thai *'Ae enforcement of a patent procured by fiaud on the Patent OfScc 
may be violative of § 2 of the Sherman Act provided the other elements necessary to a § 2 
case are presenl In such event the treble damage provisions of § 4 of the Clayton Act would 
be available to an injured party/* Id. at 174. 

ConAgra denies that it is a competitor of Unitherm, claiming that ConAgra processes 

meat while Unitherm sells ovens. But it is undisputed that ConAgra ofifers a 

browning/smoking process at a royalty of 100 per pound and Unitherm offered its 

browning/smoking process for sale as early as 1993- And ConAgra's own documents 

previously produced in fliis action also support the conclusion fliat ConAgra is a competitor 

of Uniiherai and that ConAgra is enforcing its patent 

Others in the industry may ^spptozch your company regarding 
this patent, iand we would appreciate it if you would inform them 
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that we intend to aggressively protect all of our rights under this 
patent ' . 

PlaintifEs' Brief in Opposition, Exhibit 9 (Letters from ConAgra to 1 5 prospective purchasers 
of the Unithcnn systcm). 

This Court has already found flie reference to ''others in the industry" sufficient to put 
Unithemi under apprehension of a lawsuit for patent infringement — something which has 
since come to fruition with the filing of ConAgra*s coxmterclaim. The fact that ConAgra has 
asserted a counterclaim for patent infringement on an invalid patent makes Unitherm's 
antitrust claim a viable one. Walker Process^ 382 U.S. 172. The issue yet to be decided is 
whether ConAgra fiiaudulently, obtained the patent. See Walker Process, siqpra. Thus, the 
Court finds that the undisputed facts are sufScicnt to withstand the motion for summary 
judgment on Unitherm's antitixist cl^iuM^ 
b. Jennie-0 

ConAgra next argues that Jennie-O's antitrust claims xmisi be dismissed because 
Jennie-O cannot show antitrust injiny. Jennie-O's theory of antitrust recovery differs from 
that of UnitheniL Jomie-O alleges a li^ to seek injunctive relief for prospective damage 
under § 16 of the Qayton Act. Hawaii v. Standard Oil Co., 405 U-S. 251, 260-61 (1972), 
pennits suit for ^ireatened damage; 

' Because the Court has upheld Uniflienn's antitrust causes of action under federal law, a 
discussion of the Oklahoma Antitrust Refonn Act C^ARA") 79 Okla. StaL § 205, is unnecessary. 
See 79 Okla. Stat. § 2 1 2 ("[OARA] be interpreted in amaimer consistent withFederal Antitrust 
Law. 15 U.S.C. § 1, er seq. and the case law jqpplicable thereto"). 
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[Section] 1 6 of the Clayton Act, 15 U. S. C. § 26 which provides 
forinjunctiverelief [states, in lelevantpart]: "Anyperson, finn, 
corporation, or association shall be entitled to sue for and have 
injunctive relief in any court of the United States baving 
jurisdiction over the parties, against threatened loss or damage 
by a violation of the antitrust laws . . . when and tmder tibe sanxe 
conditions and principles as injunctive relief against threatened 
conduct that will cause loss or damage is granted by courts of 
equity, under the rules governing such proceedings " 

Here, Jennie-O alleges that enforcement of feaudulentiy obtained monopoly rights in 

the '027 patent by requiring a 1 Oj^ per pound royally would "drive Jenme-O out cfbusbess/' 

However, because thp* 027 patent is invalid, Jennie-O's standing to participate in a cause f 

action for prospectivei injunctive relief due to Defendant's alleged violations of the antitrust 

laws is inooL Jcnndc-0 cannot be driven out of business by a con^petitor attcirqjting to 

. • ' I . ■ ! ■ * 

! ' I 

charge royalties , on an invalid patent 

2. Tonious Interference with Existing Contractual or Business Relations 
Under Oklahoma law, "one has the right to carry on and prosecute a lawful business 
in which he is engaged wiAout unlawM molestation or unjustified interference from any 
person, and any nxaliciqus interference with such business is an unlawful act and an 
actionable wrongs Crystal Gas Co, v. Oklahoma Natural Gas Co., 1974 OK 34, 529 P2d 
987,989. 

To recover damages for the tort of malicious interference with abusiness relationship, 

a plaintiiFmust show: 

1 . That he or she had a business or contractual right that 
was interfered with. 
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2. That the interference was malicious and wrongful, and 
that such interference was neither justified, privileged 
nor excusable. 

3. That damage was proximately sustained as a result of the 
. complained-of interfCTence. 

Mac Adjustment. Inc. v. Property Loss Research Bureau, 1979 OK 41, 595 P.2d 427. 428. 

Defendant coirectly asserts &at there must be more to a business relationship than 
speculation on the part of David Howard that he could have begun business relationships 
with new puichasers of the UTiitherrn process. The Court finds that UnitJienn has not 
adduced material facts, other than the self-serving an^ imsubstantiated testimony of David 
Howard, that place this cause of action in dispute. Indeed, Unithenn has not expressly 
responded to this portion of Defendant's brief, instead arguing a right to proceed on its claim 
of Intcaitional Interference with Prospective Economic Advantage. Thus, 4e cause of action 
for Tortious Inicrforence with Existing ContracUial or iSusiness Relations must fail. 

i. Jmerference with Prospective Economic Advantage 

The parties' briefs treat the tort of interference with business relations as synonymous 
with the tort of interference with prospective economic advantage. This comparison is not 
entirely accurate. Although bofli torts do have similarities, the underlyingtheories ofliability 
differ. Interference with a prospective economic advantage usually involves interference 
with some type of reasonable expectation of profit, whereas interference with a contractual 
relationship results in loss of a property right" Overbeck v. Quaker Life Ins. Co.. 1984 OK 
CrV APP 44; 757 P^d 846, 847-48. Taking all circumstances in their totality, the Court 
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finds that there exist enough disputed facts to support this cause of action through the 
sumraaiy judgment stage. 

It is undisputed that once the ^027 patent issued^ the Defendant mass mailed an 
arguably threatening letter throughout the industry. It is also the testimony of Robert Wood 
of Jeimie-0 that this letter had, at the least, a chilling effect on any further possibility of 
Unitherai selling its products to Jcnnie-0, PlaintUEfe' Brief; Exh, 5, pp. 74-76. The Court 
thus finds that the cause of action for interference with prospective economic advantage is 
not suscqjtiTsle to summary judgme^ 

4. Actual or constmctive fraud 

Defendant claims lhat Unilhenn caimot prove fraud because Unitherai has failed to 
identify a material omission or misrej>resentation made:by "&e Defendant to Unitherm. The 
Court disagrees and denies summary judgment on this; cause of action. 

The Court notes that: ' . ] . ■ 

Ol^ahoma fpllows tiie. view that fiaud can be predicated upon a 
promise to do a thing in the future whai the intent of the 
promisor is otherwise. This prindple is an exception to the 
general rule that for ia false represratation to be the basis of 
fiaud, such representation must be relative to existing facts or 
those which previously existed, and not as to promises as to 

future acts The gist ofthe rule is not the breach of promise 

but the firauduleat intent ofthe p ro misor at the time the pledge 
is made not to perf orai, the promise so made and thereby deceive 
the promisee. There is a wide distinction between the 
nonperformance of a promise and a promise made malafide^ 
only &e latter being alrtionable fi^ud. 
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Citation Co. Realtors, Inc. v. Lyon, 1980 OK 68, 610 P2d 788, 790-91 (emphasis added), 
citing State ex rel. Southwestern BeU Telephone Co. v. Broy/n, 1974 OK 19, 519 P^d 491. 

UaitheiiD claims that ConAgxa proxnised to consider the purchase of the Uzuthenn 
process which was fust shown to ConAgra in 1993, and ConAgra then stole the process and 
patented it for its own use. ConAgra vigorously disputes lliis claioi. The undisputed facts 
are that the Defendant considaed purchasing Unitherm's technology and feiled to do so. 
Under Oklahoma law, the disputed feet that the Defendant may have subsequently stolen 
Unitherm's technology supports a cause of action for breaching a proznise to consider a 
purchase. The Court DENIES sununaiy judgment on this count 

CONCLUSION 

As discussed more fully above, Defendant's Motion to Strike is hereby DENIED. 
Plaintiffs are GRANTED partial summaiy judgment on their third cause of action and ttieir 
sixth and seventh affinnaiive defenses to Defendant's Counterclaim (Patent Invalidity and 
Unenforceability). Plaintiffe are Kitided to a judgment declaring the '027 patent invalid and 
unenforceable. 

Defendant is GRANTED summaiy judgmoit on the Plaintiffe' eighth cause of action 
(tortious interference with existing contractual and business relations). Defendant is also 
GRANTED summaiy jtidgment on Jennie-O's antitrust claims. 
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Defendant's Motion for Sunmaaiy Judgment is denied on remaining causes of action, 
i.e,, intentional interference with prospective economic relationships, actual or constructive 
fraud, violation of the Sherman Antitrust Act (Unitheim only). 

Finally, this ruling moots &e Defendant's motion to strike Jennie-O's second 
affiraaative defense of non-infringement, or, in thealtemative, forpartial summary judgment 
of infringement A judgment will enter at the conclusion of these proceedings. 

rr IS SO ORDERED this j3^day of August^ 



ROBINJ.C/HJTHRON 

CHIEF UNIOT> STATES DISTRICT JUDGE 
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Smoking & Browning 
under 10 minutes! ^ 


Liquid Smoke Application 

Liqut J smoke is spr.iycJ (into product, covering all 
surfaces equiilly. Sopliisticnred recover>- and reuse 
system dr.isticaHy reduces waste of liquids. 


Bag Stripper 

The UNITHERM bag stripper can handle up to 
10,000 pounds of cooked turkey. breasts per hour. 
Automated systemrsmnvashag arjd depth 
controll^d'filades slit cdsings with inairumCna^ring 
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InTi^ed Purge Removal/ 

Turkey breasts^r&^ onv B yoJ t h rtiGgfra i^OO degree 
chiimk^r which melts any pur>:e an djnes jhe 
surface of the paxiuct, dramatically improving 
adhesion of liquid smoke for more consistent color. 


RapidFlow II Continuous 
Convection Oven 

High velocity, high temperature air quickly raises 
surfece temperature for fast color formation. 
Because only the surface is affected, minimal 
coolit\g is needed before repackaging. 



UNITHERM 

FOOD SYSTEMS, INC. 

1 108 West Hartford. Ave. Ponca City, Oklahoma 74601 
Tel: (580) 762-0197 Fax: (580) 762-0199 
e-mail: unitherm@unithermfoodsystems.com 
Visit our web site: www.unithermfoodsystems.com 
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UNITHERM BULLETIN 

Update on brownlrt^ and cookin fl In th€ Rapldffow Oven 

BROXJWING IN TRADITIONAL CONTINUOUS ovcn^ 
Up and down or sideways only? 


r«SuaJ!y cayed lmplngemenr and It represents w 




turtMiieaoe 'n. 


HORIZONT^ 
AIRH^OWOVEM 


VERTICAL 
AIR FLOW OVEN 


there an altemativie? 

UMITMERM*S RAPIDFLOWj THE MISSIN6 UNR 

TT^ere Is a thfrd convection even cooHng method a uniform, jj^" J^L^ ^ 
or produtt surface, from bacon and link Musages to w^^^ 



^^"^J':.?alr fiowt 



UNIFORM yURFLONXr 
circulating alrstream at Iwveroefty 

(hrwyimuL i/>e over? cmfdng chamber. 

condition. Air stream and circulaaon are engineened for cadi module ana any prwuu. u .at* p 

Vtrfcal and nonrontai air flows have oDvdous nmtedons In P'^^^'!f„'^'-'}fi^^l^''5^Tnd 
^guS?on?n terms cf optimum air hahdUng conditions. The Rspldflow 1$ the most unwersal and 

Simplest of xhi continuous convection ovens. 
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Infra-Red Radiation for Food Processing 

II. Calculation of Heat Penetration 
During Mra-Red Frying of Meat Products 

Magnus Dagerskog* 

SIK - The Swedish Food Institute/ 
Pack, S-400 23 Goteborg (Sweden) 
(Received November 7, 1978; Accepted Jamiary 9, J 979; iwt 588) 

Infra-red frying experiments with slices of beef and pork were accomplished by the use of two different radiator systems with 
emission maximum at 1.24 pm arul S.O ftm respeaiveiy. The experimentally measured temperature distribution dmUtg frying was 
compared with the corresponding temperature distribution calculated from the developed mathematical model of the combined 
infra-red and convection heating. Influence of crtdst formation on reflectance was measured, indicating higher r^eetance values 
for the fried than for the raw samples. The pork abo showed higher reflectance than the beef Fat cover increased Ote refleoam^ of 
the raw produa to some degree. 

With the developed computer program the influence of different processing variables such as product thickness, air temperature, 
mfra-red energy flux and type of infra-red radiator were studied, A simulated comparison between infra-red frying and contact 
frying showed that the infra-red flux had to be about 50% higher to give the same surface temperature development. Frying time 
then became 50% shorter for a thickness of 14 mnu ^ 

(epoQ -STl Zt eilii) MB| mBuAdoo Aq 


Introduction * 

The basic concepts of infra-red radiation are high heat trans- 
fer capacity, heat penetration directly into the product and 
fast regulation response. These quah'ties indicate that infra- 
red radiation shouIiJ be an ideal source of energy for frying 
purposes. As distinguished from microwave heating, the 
penetration characteristics are such that a suitable balance 
between the surface and body heating can be reaicbed which 
is necsessary for an opu'mal frying result. 
Some empirical work in this field can be found in the litera- 
ture and may serve as a background to heat penetration 
calculations. Eariy tests with tube heaters (1) revealed that 
successful radiant cooking requires that both the quality and 
quantity of energy used be in proper balance. Radiant heat- 
ing elements should preferably operate at color temperatures 
between 1200 and ISOO^C as only the waves beIow2 (jun are 
effective in developing color. Successful results were 
reported for the following frying applications. 

1. Frying fish sticks. In operation, products were heated on 
one side at a time after passing a curtain oiF cooking oil. 

2. Deep fat frying of breaded chicken. The system involves 2 
to 3 minutes deep fai frying in peanut oil followed by a 1 2 
minute exposure in an IR-oven. 

3. Browning roast beef hash. The meal is loaded into stain- 
less-steel pans and ran through the oven on an 18 minutes 
cycle to brown the surface, 

4. Braising ham slices. One side of the 12 mm thick ham 
slices are browned in 18 minutes. 

5. Broiling hamburgers in 7 mmuics 

6. Fre-cooking sausage links in 3-5 minutes. 


' Prcscnc addrcii; Ncii!i:,t.u AM. S-267UO B;uv. Swcdvn. 


ASSELBERG, MOHR and KEMP (2) used quartz tube 
heaters (1 000-1 SOO^K) at 2.2 watts per cm^ for braising 
meat for beef stew. At a similar degree of heat treatment, the 
infrared treatment required shorter cooking time (83%) with 
lower weight losses (50%) than for the parboiling procedure. 
The flavor, color and texture of the infra-red braised meat 
was claimed to be much superior. 

An industrial process for pre-cooking of bacon in a continu- 
ous infra-red oven at Swift & Company was reported by 
HLAVACEK (3). The 288 kilowatts of overheat infra-red 
radiant heating from quartz lamps was supplemented by 
electric resistance heaters below the seamless, stainless steel 
belt. Frying time was 2-3 minutes, and pre-cooked bacon 
tasted as good as or better than freshly fried bacon. 

Several studies of Soviet investigators have been reported 
concerning frying meat by infra-red radiation, but the only 
work published in English is that of BOLSHAKOV er al (4), 
on the production of baked pork meat products. By analys- 
ing transmittance spectrograms of lean pork they showed 
^hat maximum transmission of infra-red radiation falls in the 
region of 1.2 jun. For wavelengths longer than 2.5 run, the 
transmission capacity was negligible. Consequently it was 
necessary to use sources with maximum radiation falling in 
the region of maximum transmission to achieve deep healing 
of pork. For heat treatment of the product surface raidiators 
in the region of minimum transmittance and reflectance 
(XTOaj>2.3 jun) had to be used. The authors therefore 
designed a two-stage frying process. In the first stage surface 
heat transfer is brought about by radiant flux with \^ at 3.5 
to 3.8 ym. In the second stage the product is subjected to 
infrared radiation flux with }^ at 1.04 pun, providing deep 
heating of the product. The results showed that the final 
moisture conrent and sensory quality of the products heated 


by the two-stage process were higher than th sc heated by 
conventional methods. 

The objective of this second part of our study was i use our 
determinations of infra-red absorption data in part one in the 
development of a computer program for the calculation of 
heal transfer dunng infra-red frying. To ven'fy the model, 
• comparisons with practical fiying experiments were carried 
ut 

Material and Methods 
Raw materia! 

Pork (68% water content), cut into 13 mm thick sh'ces and 
beef from the semimembranosus muscle (74% water con- 
tent), cut into 1 1 mm thick slices were used. 

Temperature measurement 

During the frying experiments, the temperature at the two 
surfaces (0.5 or 2 mm deep) and at the centre were regis- 
tered by means of thin Cu-Konstantan thermocouples (0.25 
mm glass "fiber insulated wires). The thermocouples were 
positioined inside the irteai samples according to the proce- 
dure of BENGTSSON, JAKOBSSON and D AGERSKOG 
(5). 

Frying equipment 

An infra-red oven was designed to allow double-sided heat- 
ing on a leaning stainless steel net, so that the drip losses 
would not fall on the infrared radiators (Flg.l). Interchange- 
able modules were provided with two alternative types of 
infra-red radiators: 
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Quartz tube heaters (Philips IkW, type 13195X). Fila- 
ment temperature is 2340°C at 220 V rating, correspond- 
ing to of L24 \xm. Each module is fitted with 4 tubes 
of this type. 

Tubular metallic electric heaters (Backer 500 W, type 
9N5.5). Tube temperature is 680*C at 220 V, corres- 
ponding to Xtaa of 3.0 |un. Each module consisted of 8 
tubular heaters. 


A white ceramic material (Kauwoot, Hdganas) with a 
reflectance capacity of 80^90% was used as reflector in the 
modules. An important property of the reflector material 
was its sclfcieaning capacity. To regulate the energy Qux at 
the surface of the product, the distance between the heaters 
and the product was variable (5^15 cm). The actual energy 
flux was measured in separate heating experiments, using a 
black reference body of copper. 



Spectral reflectance measurements 
The procedure and equipment Ls identical with that 
described in part I (9) 

Mathematicl model for the heat penetration calculations 
To calculate temperature distribution during combined 
infrared and convection heating, the heal conducrfon equa- 
tion was solved numerically using, the finite difference 
method (7). The infinitesimal differentials are then replaced 
by differences of finite size and the degree of accuracy o! the 
representation is determined by the step size of these differ- 
ences. The explicit solution is restricted by the following sta- 
bih'ty criterion (8): ' 


At <- 


Ax^ 


2a(l-Ha~) 


Fig.l The infra-red oven with interchangeable radiator 
modules used in the frying experiments 


For the cakulation of the heat generated by the infra-red 
radiation an exppnendal penetration was assumed: 

Pn+i=Po'cxp(--S- Ax) 

The equations are further described in Fig. 2. 
The results in part I (9) indicated a sharp boundary between 
the high penetraticMi of the short wave radiation (< \25 ysm) 
and the bw perltetration capadty of the long wave radiation 
(< 1.25 |un). Ih the program these are separated and the 
mean values of the absorbed energy arfc calculated indepen- 
dent of each other: 


*'P>L25 Mm * (1 1.25 iun) 


Result and Discussfon 

Influence of crust formatwn on reflectance 
By the use of a double-sided contact fryer (6), 15 mm thick 
slices of pork and beef were fried 0.5. 1.0, IJ, 2.0 and 3.0 
minutes at 200*C pan temperature. Measurement of surface 
reflection between 0.8 and 2.3 nm was made after cooling to 
room temperature, llie mean values of two separate mea- 
surements are shown in Flg.3 for reflectazKse at 1.1 jim, indi- 
cating higher reflectance vahies for the fried than for the raw 
samples, in spite of the dark crust color formed. The pork 
showed higher reflectance than the beef. Fat cover increased 
the reflectance of the raw product as expected The corres- 
ponding spectra for the raw, raw plus fat and fried samples 
(1.5 minutes) are plotted in F1g,4 and 5. The appearance of 
the spectra are in good agreement with those of the other 
food products presented in part 1(9). For the calculation of 
heat penetration it is necessary to know the mean reflectance 
in the short wave (< 1.25 ^un) and long wave (> 1.25 urn) 
regions in relation to the emission spectrum of the used 
infra-red radiator. 

This was done by integrating the reflectance spectrum in 
steps of 0. 1 ftm (Ax) as follows ; 


Rax = % reflectance <rf the product in the increment Ax 
Eaj, = % emission of the radiator in the increment Ax 

The results for the two products and infra-red radiators are 
shown in Tab. 1. 
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Tab. 1 Calculated mean reflectance and energy distiibntloB 
for die two infira-red radiat rs used In expevimeots 


Radiation 
source 


Mean reflectance {%) 
Pork Beef 


Energy dis- 
tribution (%) 


<1.25 >L25 <1.25 >1.25 <L25 >1.25 
lun \m \m 

\„ ° 1.24>xm 54.3 lO.Q 42.6 7.7 25.8 74.2 

X«„ = 3.0jun 47,6 6.9 39.7 5.0 0.2 99.8 


Comparison between experimental and simulated 
temperature distribution 

Thfc infra-red frying experiments were carried out under the 
conditions shown in Tab. 2. In Fig* 6 and 7 the measured time 
temperatitre curves at the surface and centre of the meat 
slafa« are shown. The corresponding results of the computer 
simulations of temperature distribution, for mean values of 
product thickness, are also presented in Fig. 6 and 7. The 
dissipation coefficient (S) for pork (4.2 cm~^ at < 1.25 ^m 
and 35^ cm~> at > 2.25 |im), found in part I, (9) was also 
used for the beef; A thermal conductivity (X) value of 0.40 J/ 
mA "C was utOized according to BENGTSSON, JAKOBS- 
SON and DAGEKSKOG (5), together with a thermal dif- 
fusivity (a) value of 1.38 10"' mVs. The temperature of the 
air surrounding the products ranged from 40 to 100 *C dur- 
ing the e^riments and was set to 70*^0 during computer 
^ulation in combination with a heat transfer coefficient (a) 

Fig* 2 The principal equatians of the finite difference solu* 
tion to the heat transport by combined conduction and infra- 
red radiation . 


of 20 J/m^^. XL Due to the expansion of the meat during 
frying* the calculated temperature rise was somewhat slower 
in the fu^t and faster in the last part of the frying process 
than that experimentally determined. However, the -agree- 
ment between the experimental and calculated curves is 
quite good. 

Computer simulation as a tool for process calculadons 
With the developed computer program the influence of dif- 
ferent processing variables on the resulting heat penetration 
into slabs of pork was studied. The following variable list was 
used as a basis for the simulations. 

Tliickness: 10, 12. 14, 16, 18 mm 

Initial temperature: 5^ 

Air temperature: 20, 70, 150, 250*C 

Heat transfer coeff . : 20 J/m^^, X: 

IR-flux: 0, 1, 2, 3, 4 W/cro^ 

IR-radiator (X^: 1.0, 1.12, L24, 1.8, 3.0 jmi 

Dissipation coeff,: 4.2 and 35.2 an~' resp. 

Reflected radiation: 54.3 and 10.0% respectively 

For the standard values, the temperature profiles in Fig. 8 
were obtained, showing the influence of the two separate 
wavelength regions. 

The influence of produa thickness is shown in Fig.9 and of 
air temperature In Fig. 10. As seen, the air temperatiu^ has a 
very small effect on the centre temperature lapse in contrast 
to the infra-red flux in Fig. 11. Above 3 W/cm^ there is, 
however, no further large gain in centre temperature results 
from increasing flux density. Surprisingly, very little differ- 
ence between the different infra-red radiators, simulated in 
F^ 12, was noted for 14 mm thickness. This depends on the 
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where 

T = lempcraiurc CC) 
n = space incrcmcnl subscript 
k = time increment subscript 
PT, RT = total density of radiation at the pro- 
duct surface (W/m') 
^ distribution, of radiation due to in* 

ternal adsorption 
« time increment (s) 
= space increment (m) 
= thermal diffusivity (m^/s) 
= thermal conductivity (J/m, $,i*Q 
heat transfer coefficient (J/m-, s, *C) 
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Tab. 2 Experimental conditions during Infra-red frying. 
Mean values of iw separate measurements. 


Pork 


Beef 


Product 
thickness 


(mm) 
-before 

13 

13 

11 

11 

- after 
frying 

15 

16 

13 

14 

Initial 
temp. CC) 

io.o 

7.5 

6.0 

6.0 

Density of radiation 
at product surface 
(W/cm^) 3.0 

2.6 

2.2 

1.9 
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FRYING TIME (MIN) 


Ftg, 3 Reflectance as a function of frying time for pork (e) 
and teef (a) measured at a wavelength of L2[im 
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Fig. 5 Reflectance spearum of raw (a), raw plus fat covered 
(m) and fried (o) 15 mm thick slices of beef 
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Fig. 4 Reflectance spectrum ofrww (a), raw plus fat covered 
(•) andfHed(o) 15 mm thick slices of pork 
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Fig. 6a, b Experimentally determined ( ) and computer 

simulated ) time-temperature curves during infra-red 

frying of slices of pork by two different infra-red radiators. 
The surface temperatures are measured at 0*5 mm depth 
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FRYING TIME (MIN) 



1 2 3 
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Pig, 7a, b Experimentally dmmUned (~ — ) and computer 
simulated ( — ) time-temperature curv^ during infra-red fry^ 
ing of slices of beef by two different infra-red radiators. The 
surface temperatures, are measured at 2 mm depth 



0 3.5 7.0 laS 14.0 
THICKNESS (MM) 


FRYING TIME 

(Mm) 


0 3.5 7.0 XX5 14.0 
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Fig. 8 Calculated temperature profiles during infra-red fry- 
ing with iquaru tube heaters (k^ = L24 frni) at 2 W/cn^, 

short wave radiation (X < 1.25 ^m) 26% 

long wave radiation (X > JJ5 ftm) ^ 74% 

— — total radiation . 100% 


combined effect of increasing penetration capacity and body 
reflection as the wavelength maximum of the radiator 
decreases. The figure also indicates the maximal centre tem- 
perature development daring contact frying, 
A simulated comparison between infra-red frying and. con* 
tact frying in Fig. 13 sh ws that, due t the penetration capa- 
bility, the infra-red flux density has to be about 50% higher 
to give the same initial surface temperature development as 
for contact fiying. Frying time to 73T then becomes 50% 
shorter during infra-red frying than during double-sided con- 
tact frying. 


Conclusions 

A mathematical model was proposed based on measurement 
of penetration properties and spectral reflectance described 
in part I (9). By the use of a computer program, heat pene- 
tration calculations during combined infra-red and convec- 
tion heatmg was successfully compared with experimental 
measurements of temperature development. Process calcula- 
tions showed strong infhience of product thidcness and infra- 
red flux on the rate of heating, while the temperature of the 
surrounding air and type of infra-red radiator showed minor 
influence. 

Further development of the model seems to be possible if the 
concepts of body reflection, as described in part I, arc intrb- 
duced Thereby the need of integrating the reflectance 
spectra would be eliminated and a less empirical model 
found. « 
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Ftg. 9 Influence of thickness on the time-temperature lapse at 
the cemre of the produa during infra-red frying \ 
fig. 1 0 Influence of air temperature on the time-temperature 
lapse at the centre of the produa during infro-red frying 
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Ftg, 12 Influence of irrfra^red flux density on die time-tern' 
perature lapse at the centre of the product during infra-red 
frying 

Fig. 12 Influence of type of infra-red radiator on the dme- 
temperature U^se at the centre of the product during infra-red 
frying. Comparisons are also made with contact frying 
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Fig. 13 Comparison between contact and infra-red frying at 
equal initial surface temperature development 
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'■-•.V- 


The Aquaflpwf asteiirizatlby^^ 
Ytr- :-L?Pr^^ battle against fopd-bbrne pathogens. 


A 



c .f--t 


agerHto ayoidifoddrmS 
;.born:ei;illhes§^out- 


^isplaced in a bonier bag. i 
threats thhJiigteutijrod^ - 'matwe'retiyingto^oisi^id:- 

Sbc^-^eneration turkey proces- duoe the original pastemrizaidc^ tem- 
sorPIaiiiville Farms, ™-"^'''^~'* - 



3 


,tarkeys< a year for p. 

Idi produicfs; Pi 
intensified its lolling^ 
potdtryrspoilihg ndctd 
installation of a Unithentn 



haiidlii^ oiF produict' of iri^ the e<po- 
suie to the packaging aiea tfie rein- 
rpw trpduction of bactOTa -inad^ 
pasteurization 3ysiem at its cooking, occurs/this is a iSnal safeguard" 
fiulhet-proc^ Within the A^^^^ 

nrhe TJnithierin unit is a final step ■ ' a^^ pumped 
to oisure that we're dbirig the best into a reservoir then introduced 
possible job jve^can^^q mahyfecture^^v t two sp a rgiril'sy steins; 

a safe product,^ notes M^x^ which agitates the water to elirhi- 

le% plant mariaSec : . , . _.nat^ any thermal stratificafibrv^The 

it load is sufficient with the flow 
e for instantaneous tecovery, 
meaning that the wate^^^ 
1y flows over the product's surface 
at the correct temperahiie; ; 

the dwell time for turkey pass- 
ing through the Aquaflow system 


allows for TO water 
requirements arid fea^ cleaning. 
Specifically; tlfe ^^nJ^i^; covered 
with a solid spirie iyifliitoig^;^ 

-o — ' — — able for connectidrvto an detection 

perature of one-hundred-andrsbctjr system. Hingeci li^lffe fitted on 
.^degrees," oqplains Henley43urjseifc^^ 
aration betweerVxobked aiidTSW*^^ 
product is very cpi^^ 




The cooking f ^nk is' fitted for 
direct injeedon ^teami ^ a pressure 
of 3 bai^ dry saturatoi in a forced dr- 
culatioiv Sparge piunps are all stain- 
less steel and can be used in^^^^G^^ 
operation if n^essaiy/arid pumps 
have been sized to. ensiTOmaxiinum 
spargir^ efficiency ai 55olSPJ^ 

Though :PIairiV:ill^'has hot 
defined the Unithefdi;i?Lquaflow 
post-pasteurization stepjsS^ qiti(^ 
control point in its HAC^ (liazard 
Analysis and Critical Control 
Points) plan, Heril4y eiixphaisizes 
that it is an indispensabljpart of the 
company's food-safelty prpgrarrt 
- . , , . . ■ . . ^^e assurances Vy^e Have in oper- 

is a maximum of two nxinutes to ating this system|matje it very 
rajtee the product siirface tempera- important to us/' he S^ayS "We have 
hire to betW^n 175T arid 180?R A v.jiot had any issues relaSve to food 
el at the end df thie; safety since its instaUatiqn. For us, .1 


itrogeh tunnel ^. ^ 

^-.---«*«,^s3ass«^^ . y?*em chills thejp^^ 

ofacontmuousproc^^^^ tion step as an ess^nliil process 

ed to eliminate fhe pot^tial for coii-^ ' maximuih of 4Q seconds. \ ' . , step," — Unithcnn FoQd Systems Inix, 
tamimtion^tf^ (580) 762-0197, fex (580) 762-0199 

ization system's construction 
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Studies on the Application of Infrared 
in Food Processing-* 


Infrared radiation as a source of 
heat has been studied for a number of applications in 
the food processing industry f J, 10, 11, 17), In sev- 
eral cases, such as the drying of macaroni (2), the 
roasting of coffee (7), the blanching of celery and 
apples prior to freezing (4) and the peeling of apples 
(3), infrared reportedly offered advantages as com- 
pared to other heat sources or processing techniques. 
These advantages differed in each particular case and 
varied from faster drying to improved flavor and 
texture. In other instances the use of infrared was 
not successful because of technical or economic rea- 
sons (IS, 16), Shuman and Staley (16) stated that 
the disappointing results obtained were often due to 
popular misconceptioiLs of infrared radiation, espe- 
cially with respect to its penetration characteristics. 
These . workers suggested that an evaluation of the 
uses of infrared should include fundamental studies 
on the properties of the heat source and the absorp- 
tion characteristics of the produce. A survey of the 
available literature revealed a lack of such funda- 
mental data. Only in the studies on the dehydration 
of orange juice (10) and the infrared peeling of 
apples (3) were the fundamentals of infrared radi- 
ation considered and related to the specific application. 

In recent years, the manufacturers of infrared 
equipment have prodnced high energy content infra- 
red radiators (1000-5000 watts) in the form of quartz 
lamps (9). quartz tubes (9) and calrods (14), which 
can be bistalled with greater convenience than the old 
bulb type lamp of low energy content (250-1000 
watts). The changes in lamp design promise wider 
application in many industries, including the food 
processing induistry ("5, J5;. 

The present study was designed primarily to evalu- 
ate the three high energy, infrared radiators. The 
basic procedure consisted of determining the degree 
of heat penetration in apple tissue as effected by 
radiant energy produced by quartz lamps, quartz 
tubes and calrods. In addition, an evaluation of the 
following food processing applications of infrared 
heating is included : blanching of apples, celery and 
peas, the production of french fries, and the braising 
of stewing beef for canned stew. 


• Contrilnition no 04, Plant Kcseanh Institute, Research 
Branch, Can:ida department of Agriculture, Ottawa, Ontario. 

^Presented at the Twentieth .'Vniuial Meeting, Institute of 
Food Technologists, San Francisco, California, May J7, 1960. 
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EXPERIMENTAL EQUIPMENT 

Tlie 3 tvpes of infrared radiators nscd in the present study 
are de.scribed as jfoDovrs: 

a, Quartz Jnmp, consisting of a tungsten filament, sur- 
rounded by inert gas and suspended in a sealed, translucent, 
fused qtiartt tube. 

b, Quartt tube, consisting of a nichronie wire, surrounded 
by air in an unsealed, trnnstucent, fused quarts tube. 

c, Crilrod, consisting of a nichronie coil surrounded by xnag- 
ncsium oxide insulation and sealed in stainless steel tubing. 

The quartz lamp tunnel, Figure 1, used in the present study 


STAiNLCSS srccL mat belt tray 


HEAHNG 


^^VflRUetC DISTANCE 


Figure h Plane and cross-section diagrams of the quartt lamp 
tunnel; . 

consisted of an upper and lower lieating panel contflining, res- 
spec tivcly, throe and two 3800 watts heating units/ Each lamp 
was 38 in long with a V/* in wide reflector of specular alumi- 
num. The diiitniice between tlie lamp and the produce on the 
stainless steel Trire belt was variable from 5 to 20 in. The sides 
of the tunnel were left open to facilitate observation and to 
prevent the accumulation of heat, inside the tunnel. 

The quartz tul;e tunnel was similar in design to the quartz 
lamp tunnel, except that each heating unit * was 72 in long. 

' The. calrod hca tiiiTg tunnel was sim iliar in dcsigh to; the quartz; 
tube tunnel, : except thiitvbpth the uppei^ and lower panels con- 
tained one radiai^tp^ with two 3000 watts 
heating units ^ and anodi^^d aluin in um re^ 

The relationsliip between input voltage, energy output, and 
spectra) distribution for quartz lamps has been described by 
Barber (5), For instance, at an input of 650 voltfl instead of 
at the rated 550 volts, the energy output of quartz lamps in- 
creases by approximately 26% and the location of the peak 
v-avelcngth is changed from 1.15 mc to 1.06 mc; if the input 
voltage is changed from 550 volts to 450 volts, the energy 
output 16 reduced by approximately SQf/c and the peak wave- 
length occurs at 1^6 mc Similarly, the energy output of 
quartz tubes and calrods can l>e varied by over- and under- 
voltage operation. However, for these radiators the location 
of the peak wavelength is much less affected because variations 
in the color temperature of nichroinc are more limited. The 
color temperature of quartz tubes can be varied only between 


' Geuerfi] Electric, quarts, lamp, type A-305-7. 

Quartz Products Corp., quartz infra-tube. 

'General Electric, infrared radiant calrod panel, 
OXIAA. 


type 
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TABLE 1 

Heat penetration into apple tissue after 5 minntes ezpostue to three types of infrared 
rafliators at voltage inpnt of 535 volts 


. Radiator , 

£iiftrg7 as 

" per 
thermopile 

X max 

"Goirecied" energy between 
1.4 oDd 5.0 jniCTDQs 

PeQetr&lion 

Standard 
error 

Qoftrto lamp .„.„ _ _.. 

QuarU tTi^.«.....„ 

Galrcd; « 

1.86 
1.36 
1.86 

mierone 
HQ 
2.35 
2.65 

par cent 

56.5 
72.0 
67.0 

toatU/cm* 
.77 
.96 
.90 

mm 
4.1 
7.4 . 
5.9 

mm 

' .068 
.110 
.186 


marized in Table 1. The data indicate that the depth 
of penetration corresponds closely to the amount of 
energy available for each radiator between wave- 
lengths 1.4 and 5.0 mc 

From the data for quartz lamps and quartz tubes 
(Figure 2) it appeared, that the depth of penetration 
decreased with increased voltage' input. In Table 2 
are presented the amouAts of "corrected" energy 
required at various voltage inputs to produce 4 mm 
penetration into apple tissue. Results indicate that 
at a voltage input of 535 volts, the energy outputs re- 
quired on the basis of thermopile data would be 1.35, 
1.03 and 1.10 watts per cm* for the quartz lamp, 
quartz tube and calrod, respectively. However, on the 
basis of "corrected*' energy levels these figures change 
t .75, .75 and .74 watts per cm^^ Furthermore, the 
amount of "corrected" energy required from quartz 
lamps for 4 mm penetration decreases with increased 
voltage inputs. In the case of quartz tubes the amount 
of ** corrected" energy required increases with in- 
creased voltage inputs. In other words, the efficiency 
of quartz lamps increases with increased voltage in- 
put and the efficiency of quartz tubes decreases with 
increased voltage input 

It may be noticed in the present study that the 
infrared absorption spectrum of apple tissue has not 
been considered. The infrared absorption charac- 
teristics of apple solids become important only during 
the advanced stages of dehydration and do not apply 
to experiments where short exposure times are used. 

II. Application to products 

a. Blanching of celery. The harvesting season of 
celery in Ontario is limited to a 6-week period during 
September and early October. This period coincides 



TABLE 2 

Effect of tyjie of radiator and voltage input on the amount of 
energy required to produce 4 mm heat penetration 
in apple tissue 


Kadiator 

Voltan 

X tnax 

Required 
energy 
as per 
thermopile 

"CoTTectcd" wbergy 
required between 
1.4 and 5.0 niicrons 

Quarts lamp 

voU» 

micronf 


p«r cent 


4ii0 

1.26 

1.80 . 

62.0 

.81 


63S 

1.16 

1.85 

56.5 

.75 


600 

1.12 

1.39 

68.5 

.74 


660 

1.06 

1.4B 

50.0 

.73 

Qiiartx tube 

535 . 

2.35 

l.ns 

72.0 

.74- 


600 

2.26 

1.11 

73.0 

.81 

Calrod 

660 

2.10 

1.14' 

75.0 

.tfO 

535 j 

2.65 

1.10 1 

67.0 

.74 
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Figure 4. Absorption spectnim of water vapor (9 J, 


with optimum canning activity for tomatoes and 
tberefore the production of celery soup is delayed 
until the winter months. However, celery cannot be 
stored for more than 30 days in cold storage (§8° F) 
and in order to have a supply of celery for soujTstock, 
the celery is frozen during the harvest season for re- 
manufacture at a later date. If edery is not ade- 
quately blanched- beforie freezing a bitter flavor de- 
velops during storage. The customary procedure is to 
trim and cut celery stalks into Yz in pieces, followed 
by a steam or boiling water treatment of 3 to 4.min. 
The product is then packed in 30 lb bags and frozen 
immediately. 

In preliminary experiments it was noticed that the 
cut celery, after exposure to infrared for 3 to 6 min, 
would be peroxidase negative except for the outer 
.5 mm layer of surface tissue. The peroxidase activity 
in this region could be eliminated by dipping the 
celery in boiling water for 15 seconds prior to ex- 
posure to the infrared. The procedure adopted for. 
infrared blanching of celery is briefly as follows: 
celery stalks, free of leafy tissue, were cut in % to 6 in 
lengths, dipped for 15 seconds in boiling water, ex- 
posed to infrared radiation from quartz lamps for 2 
to 3 min, packaged in polyethylene bags and frozen 
immediately. The wattage requirement from the up- 
per and lower heating panels was approximately 1.60 
watts per cm^ per panel, as measured with the thermo- 
pile. Accompanying weight losses of the celery were 
between 25 and 35%. Load density of the fresh pro- 
duce was approximately 1 lb per sq ft of belt. 

After freezing and storage at 0** P for 3 and 6 
months, samples of infrared- and water-blanched 
celery were evaluated organoleptically. The infrared- 
blanched celery was considered superior in flavor and 
texture and equal in appearance as compared with the 
water -blanched product. One Canadian firm has used 
the infrared procedure on a commercial scale and in 
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1^ approximately equal for the parboiled and infrared 
techniques. 

f. Blanching of asp ragus, corn, leans, iumips and 
carrots. Preliminary attempts to blanch asparagus, 
whole kernel corn, corn-on- the-cob, cut green beans, 
diced turnips and diced carrots were unsuccessful. 
No combination of type of radiator, exposure dis- 
tances and exposure period would produce sufficient 
heat penetration to inactivate peroxidase. In most 
cases the exposure to infrared resulted in surface 
scorching before heat penetration was more than a 
few millimeters, 

SUMMARY 

Three types of high energy, infrared radiators- 
quartz lamiJs, quartz tubes, and calrods — were evalu- 
ated for their eifectiveness in blanching apple tissue. 
Data are presented which show how the depth of heat 
penetration was influenced by wavelength characteris- 
tics, voltage input, and energy output of the radiator. 

Infrared radiation was used successfully for blanch- 
ing celery, apples, and peas prior to freezing and in 
the preparation of french fried potatoes. General 
quality of infrared-blanched samples was better than 
that of samples blanched by conventional steam or 
boiling water methods. Accompanying weight losses 
of up to 35% by weight would result in reduced 
freezing, storing, and handling costs in the case of 
products intended for later remanufacture. 

Infrared was substituted for the par-boiling treat- 
ment of beef as the preliminary heat treatment in the 
preparation of beef stew, the colour, texture, and 
flavour of the infrared-braised, canned meat was con- 
sidered superior to that of the par-boiled meat. 
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COOKING METHODS FOR ELIMINATION OF Salmonella typWm^^^ 
EXPERIMENTAL SURFACE CONTAMINANT FROM RARE DRY-ROASTED BEEF ROASTS 

L C. BLANKBNSHJP, C. DAV/S, end G. J. MAGNER I- ' 


I 


-ABSTRACT- 


Threcv«;cbbking procedure^%erc tested effectiveness in elimina* 
ting an experimental Salmonella typhimurium contaminant from 
surfaces of rare dry-toasted beef roasts. Dipping loasted and cooled 
foasl^rm eobklng^^dil it^l^ F^^r480^(3(S5^ a^ 

miniMuin; of wis:; effective; but isubmexging simDar roasts 

contiin^ iVplasUc bagsfih 

min ;:^as^^^ . effective rin^i^^d .survivoxs-^^ir^ecrion of 

;!^lj9,,5^? Py5n..:4^ of ,the<:jOiasting pefiod also, was 

efTectivc: We foun^^ t^^^ min of steam injection 

was necessaiy to eliminate, the contaminant. Experiments with 
steam injection at the.beginning or end of roasting led to the conclu- 
sion that survivors on surfaces of dry-i pasted beef loasts were prob- 
ably on the surface at the beginning of the roasting process. Subjec- 
tive evaluation of the degree of rareness of center slices of roasts 
reaching maximum center temperatures between 54.4 - 64.1 *C 
(130- J47.5*K) indicated the rare area decreased about 2% for each 
degree increase in temperature. Roast center temperatures at rime of 
removal from the oven correlated significantly with the maximum 
center temperature. > 


NtW FEpERAl;:ItEGtri^T^|pS% 
cedures for commercial production of pre-cooked beef 
roasts were, recently published (Angelotti, 1978).; These 
procedures were designed to allow production of salmo- 
nellac-free rare beef roasts, which commercial processors 
'^^^ produce undfer previous emergency reg- 


roasting (Blankenship, ^.r 'VHVM"^fi nujivuic reiauve 

humidity in .the oven be greater than 90% for not less than 
1 hr at oven temperatures below IZl^C (250*F) to destroy 
surface contaminants. Goodfellow and Brown (1978) re- 
ported, that injection of steam for 30 min into an oven at 
79.4*^C (175'F) was required to eliminate lO'/cm' surface 
. salmonellae contaminants^ 

We tested several cooking procedures to determine if 
they could eliminate experimental sahnonellae surface con- 
taminants and yet produce rare roast beef. Wc also analyzed 
the relationship of (1) degree of rareness and (2) oven re- 
moval temperature to final roast center temperature. 

\/ r- '^^'-'-^^^^^ 

atom preparation and contamination 

Frozen boneless beef roasts (inside rounds) were obtained from a 
commercial supplier. They were thawed, trimmed, and weighed as 
previously described (Blankenship, 1978). Mean trimmed weight 
vvas 5.3 kg (range, 4.65-5.70 kg).. 

Roasts were experimentally contaminated with a strain of 
. monella typhimurium resistant to a maximum of 2000 ppm nali- 
dixic acid. Roasts which were used for dipping in hot oil or water 
were contaminated by iiyecting 2 x 10\ cells along the geometric 
cemerline the day before cooking as previously described (Blanken- 
ship, 1978). Roasts for steam injection roasting were each superH- 


Authon Bfankenship, Davis, and Magner are with the USD A Animal 
Products Laboratory, Russe// Research Center, SEA-AR^ Athens 
GA 30604. 
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cially contaminated in different 5 x 8 cm areas with 2 X 10* cells tn 
each of the three following ways: (1) the cells (in 0.1 ml saline) 
were spread over the surface of the en lire area with a berit glass rod' 
(2) the cells (in O.I ml saline) were injected about 1-2 ihm below 
the surface at the center of an area; and-{3) cells (in-'G.2 mlsaBi>e>- 
were injected about 1-2 mm below the surface in equal quantities 
at five random locations within an area. Surface contamin^tiori was 
performed as described, bodi on the day before cooking and again 
on different areas just prior to cooking. 

Twp grpops' of roasts were dty-ioastcd susjpehdea^i%:ottoa 
stockiiicttes (nets) and cooked one or .two at a time in.a^s-fJrbd 
pilot plant foodrprocessihg oven (Alkax Rasmussen.^Alka^r Efffe^^ • 
ing. Corp:) aVi09:4*C (229 t l^F) altd thisn r^oved after: Vafioos 
periods of tibici asvilcscriBfcd pr^fviouay (Blani^rtSi:^ Maxi- " 
mum center temperatures of roasts used in surface survivor experf- \ 
men^were 57.7-58.8**C(l36-138-FXAftsjr^^^^^ / 
for 2 hr at roOT:tmperatur«ii one group of xoaVb in tiheir nets were 
submerged ihvhot caking oil (Frymax with Metsil, Proctor and 
Gamble, Cincinnati, Ohio) at 1^0°C (320* F) or 180**C (356'F) fw 
various periods of timcL the treated roasts were drained of extest ofl ' 
and stored overnight in a doid room a-4*C) before sampliiig for 
microbiological analysis. ^-fHs^-secipnd^^ipr^^ 

were placed in pUstic'baglffi \ 
with the-bag and. ;then^ubm^r^ a water bath at 89.4-93.3'C 
(1 93-200f F) for: 3;cmmvl^^e! t^ stored over- | 

night^in a coW room btf^W^'ajm^iS^ ^ ^ ' 
•'^^i^^? g^^i^P were, prepared as before and.plac^ in \ 

the \b^&j^';^5|r;^^^ r6astin|*: The oven Was itriiried'^^ 

with^'tfie aiT-b'ulb:^tnd wet^bulb temperato controls both weraH * 
82.2 C (180*F). Within 15 sec after Ae oven was stirt^^^^ 
injected continuously into the oven for the aesir^^tim& Steaift' 
injwtion was slopped by setting the wet-bulb control to 4.4'C : 
(40. F). The dry-bulb control was set at 109.5 -C (229'F) for the j 
remamdex of the roasting period. Two roasts were steam-treated for ! 
the last 20 or 26 min of roasting. After removal from the oven^aD /. 
steam-treated roaste were cooled for 2 hr at room temperature, then 
stored overnight before sampling. 

surface teinperatures of the roasts were recorded j&^bii) the 
means rof 6-8 randomly located surface theimocoupies that were, 
posititmpd about iOi mmvbdoiS^ 

were ^h^i^ated in our Jaboratbi^ from(:36^iu^: tefldrt< J 
cooper-constantan thenhocouple Wbe. - Z- . ^ 

Microbiological analyses . 

Core .samples were taken and analyzed as previously described 
(Blankenship, 1978). For surface samples the inoculated 40 cm* 
area were excised toa depth of about 0.5 cm. Surface samples were 
taken before ahd after hot oil and water dipping and after steam 
treatmeiit Each excised sample, including cooking net, was asceptf 
cally cut into smaller pieces and macerated for 2 min in 100 ml of 
lactose broth with a Colworth model 400 Stomacher. Procedures for 
pre-enrichment, enrichment, confirmation, atwi determination of 
most probably numbers (MPN) were the same as previously de- 
scribed (Blankenship, 1978). 

Rareness quality analyses 

Cross-sectjonal slices (5-8 mm thick) were cut asceptically fro"* 
the center of cooked roasts just prior to microbiological sampling- 
The perimeter of each slice and its rare portion were traced onto 
matte acetate plasUc film. Total and rare areas of each slice were 
measured, with a planimetcr and the value obtained were used to 
calculate the percentage rare portion. All tracings and judgements ^ 
rare area were performed by one of the authors. Hunter L. a, and b 
values were then determined for cross-sectional slices with a Hunter 
color and color diffcrence^Tvetcr^odei D25D) equipped with »n • 
•^M** optical head r2-inch ^jstil-^^j) by making adjacent, sligh^^^ i 
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<>^Azvm^^'^^^''T^^Z.^syAfS bemcen ro:>st weight, final 
Statisucal anrfy^s^°^ continued rise of roast temperatme 
totena temperature ana we ^jth ,he StatKt,cal 

an^leTd^S^^ Birr a^d Gooan3ght as descr.bed by 
Service (I97I)-. 
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t of five- 
treatment 


lid m«.»»linon«]l>e co»ot 

r;.bl« » Fffeci of combination heat treatments on survival p/.SdI- 
^.Jr^uL on surfaces of a.penn,entany conten„nate<, 

dry-roasted h/>&firoasts 


Treatment* 


No '. SalmoneHa positive roasts ^^^^^ 
No. roasts tested 


Oil^, 160^C, 30 sec 
0(1,1 60° C, 60 sec 
on, 18(f C. 60 sec 
Water*, 89:5-^9i3. 3^^ 89l^'= 


1/2 
0/5 
0/2 

€/7 


be R/iPt«il Proctor and Gamble, Cincinnati. 


ftoL 7-M<8/» surface umparatufts of : 
beef roasts mated with ttsam during^ 
beginning of roasting, O^endjM^a^^ 
^ bulb settings war,, ^2.r <: (18^^ 
during steam lr>ieetlen and 109 C 
(22S'P) end 4,4*0 t4(f Pl respectMfy, 
themfter. Values are m«»»* oftrieasure- 
mints from 6-8 iOrfaee thefrntKOi^'* 
per rriatt of t»ronoupptr treatment.. 


,vater treatment for roasts used in this experiri^e^t'^as 1:6 

± 2.2 per cm^. ^ 


A)Xitttri\Ao2^^^^^^^^^^ liiilllliliimi 

i^^iaa^i^LuauaiiLi juiioim : ^ ti^: roasts 

the last20 min roasting was not ested R^^^^ 

peratures for various periods "l^^^^e oH-S rah- 

idly when steam t«"»»"'''5*l. „-orted that a niniihum 

GoodfeUow and Brown ^^^^^^^^^^^^^ 
of 30 min steam injection at the ^^^^ ^^IZr^^Xt^^^^ 
ing foven temperature 79.4 C Jffii^iiEHi 
climate 10' salmonellae in ecte^^just u^^SMS™ 
at each of 1 0 sites. Our fmdmg that 10 mi 

rabl. 2iBff^siear. '"^^''^Z^:^ 
^ur,un,s.rfacecont --"'""^'"'r.nadrvroasvngo. 

Stekm ln)ect1o n (min) igted detected^ 

p H |MPN/40 «=" ' 

<3~ 
<3 
■<3 
<3 
4 
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injection at 82.2 C (180**F) was adequate for eJimination 
of 2 X 10 celJs in each of six sites may be related to the 
109.4 C (229**F) oven temperature during the remainder of 
the roasting period. The newly instituted USDA regulations 
for roast beef require that roasts cooked in ovens at tem- 
peratures below 121**C (250**F) be maintained at a relative 
huniidity greater than 90% for a minimum of 1 hr during 
the roasting process (Angelotti, 1978). Our results indicate 
that shorter steam injection periods can pro^duce salmo- 
neilae-free beef roasts and further suggest that the length of 
steam injection period necessary to eliminate salmonellae 
may possibly be related to the oven temperature used for 
the remainder of the cooking. procedure. 

We theorized in an earlier report (Blankenship, 1978) 
"that surviving surface tontamihants might occur as a fEglUt 
of internal contaminants being transported to the surface 
by meat juices after roasts were removed from the oven. An 
alternative explanation was that contaminants present on 
roast surfaces before cooking survived the roasting process 
as a result of surface drying (i.e. water activity reduction) 
that caused an increase of contaminant heat tolerance be- 
fore lethal surface temperatures were reached. To clarify 
this question, we performed an experiment in which steam 
was injected at the beginning or end of roasting. Roasts 
used in this experiment were contaminated by injecting 2 x 
cells per roast which were then hung in a cold room 


10 


(2-4 C) overnight in the same attitude (position) as for 
cooking. The experimental contaminant was detected in 
surface samples taken from the roast sides opposite injec- 
tioii sites prior to...cooking.. whiph indicated. that the con- 
taihihiEirit was transported frod internal locatibhs to siji^face 
areas along naturar channels. Ayphimufiurn was detected 
in surface meat samples from both the injection site area 
and the side oijposite injection of roast No, 69 (Table 3), 
which was roasted without steam injection, confirming our 
previous finding, Steam treatment during the beginning or 
end of .roasting eliminated contaminants from surface meat 
sanriples of both sides, of the four roasts tested (Nos. 76, 74, 
75,;and-.76). and is, in;. agreement with the findings of Good- 
fellow; and Brown,(1978): We expected that surface survi- 
vors would be detected oh roasts cooked with steam injec- 
tion at the beginning of the roasting period if surface con- 
tamination resulted from transport of viable contaminants 
to the roast surface by cooking juices after removal from 
the oven. Thus, failure to detect survivors after an inirial 
steam treatment indicates that surface contaminants surviv- 
ing dry roasting likely were already on the roast surface 
before cooking and did not originate from leakage from 
internal locations. 

Rare quality and assurance of salmonellae destruction 
were important related considerations in the development 
of cooking procedures and regulations for commercially 
roasted , beef. During this study and a previous investigation 
(Blankenship,, 1978) we examined experimentally salmo- 
nellae contaminated cooked roasts for both salmonellae 
destruction and rare quality in relation to maximum inter- 
nal center temperature. The. degree of rare quality was de- 
termined subjectively (expressed as the ratio of rare area to 
total area) and objectively (determined with a Hunter color 
and color difference meter) on center cross-sectional slices. 
The results of these rare quality determinations on 53 
roasts cooked to maximum center temperature from 
54.4-64 C (I30-147:5*F) are shown in Table 4. Values 
were determmed by least squares analysis. The higher corre- 
lations between instrument values and finai internal roast 
temperature may be caused by the fact that color values 
obtamed with the Hunter meter represent a mean of all 
observations for the entire cross-sectional area of each cen- 
ter slice, while the subjective analyses were a ratio between 
visually observed and traced rare and nonrare areas. 
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Tabfe 3~SurvhBl of a Saimonelta typhimuriuw experimentBl co 
tammant^ on surfaces of dry-roasted beef roasts treated with steaZ 
infection at the beginning or end of roasting 


Sstmonella survival 


Roast 
no. 


Steam treatment 


Injection 
site 


69 
76 
76 
70 
74 


Opposite 
side 


None + ^ 
Beginning of roasting _ _ 
Beginning of roasting _ ^ 
End of roasting _ _ 
End of roasting _ 

» Roasts lAfCre contaminated by injection of 2 X 10' S. typhimuri" 
urn mio geometric center areas. The contaminant was detected on 
injection site side and the side opposite injection prior to r^asting. 

Table 4- Helationsbip of degree of rareness and final (max) internal 
temperature of center cross-sectional slices from S3 beef roatu 
cooked to 5^.4-64^0 (130-147,^ F) by the dry roasting method 





Standard 



Slope 

error of 
Intercept* estimate 

Correlation^* 
coefficient (r) 

Subjective 
(rare area/total area) 

-1.99 

73.04 

10.95 

-0.586 

Hunter L value^^ 
Hunter 3 value^ 
Hue* 

Saturation' 

0.26 
-0.485 
0.840 
6.414 

40.80 
19.01 
29,71 
22.01 

2.642 
1.806 
3.407 
1.47 

0.373 
-0.733 

0,703 
-0.747 


. « \t^v wTf origin oi tne A axiS. 

o Critical values of significance for r: P < O.61 = 0 J45. 
« Hunter L value-sample ligtitness component. 
« Hunter a value-sample redness component. ^ 
« Hue-expressed by the angle whose cotangent is a/b 
Saturatiori^expressed by (a' + bM^. Proportional to the strength 


of color. 


Definition; of the relatiohsbip between final roast tem- 
perature ;and the rare q\iaUty of beef roasts varies among 
investigators. Visser et al. (1960) described a rare roast as 
one cooked to a final temperature of 55*C (131*F), Gris: 
v/old (1962), Bernofsky et al. (1959) and Jensen (1949) 
judged beef cooked to 60**C (140°F) or less to be rare. A 
rare roast as defined by Goodfellow and Brown (1978) is 
one cooked to 57**C (136*F) or below. This would corre- 
spond to a subjective area of rareness of .6,1% and Hunter, 
"a" value, (redness) of 16.1 , hue of 34,8, aiid- saturatii>ii 
value of 19.5. Our isubiective data indicate that one could- 
expect about a 2% (slbpe = -^1.99) reduction in rare por- 
tion for each degree increase in final internal tempeitturc 
between 54.4 and 64**C (130 arid J47.^I**F). 

The extent of continued internal temperature rise after 
removal of roasts froni. the oven affects the final degree of 
rareness and is important to the processor, who wishes to 
produce a rare beef roast within the time-temperature re- 
quirements of USDA regulations. We statistically analyzed 
the relationship of final roast center temperature to roast 
weight and center temperature when removed from the oven. 
Sixty-four roasts ranging in weight from 4.65-5.75 kg 
(mean 5.4 kg) were analyzed. Oven removal temperatures 
ranged from 46.1-61. T^'C (n5-143^F). Roast weight had 
no effect on extent of override (r = 0.25, P <0.05), prob- 
ably because all roasts were trimmed to weights within a 
narrow range. Oven removal temperature and final center 
temperature were significantly correlated at the 0,04 level 
(r = 0.92). We derived and plotted a curvilinear (Fig. 2) 
equation from least squares analysis that predicts the final 
center temperature of a roast (y = 174.03 - 2.0865x + 
0.00627x^ ; y = degrees F override; x = roast center temper- 
ature at time of removal from the oven). Generally, removal 
of roasts from the oven at lower center temperatures re- 
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EUMINA TION OF BEEF ROAST SALMON ELLAE .. . 
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ROAST CENTER TEMPERATURE WHEN REMOVED FROM OVEN IFI 


f/g: 2— ffefa tionship of roast ten ter tent' 
perature when removed from oven to 
majtlmum center temperature of 64 beef 
roasts (4,65—5.75 kg) dry-rdasted in a 
gas-fired pi/otptant oven at': lOS^C 
(22$'^ F). Override is the difference be- 
tween roast maximum center temperd- 
ture and roast center temperature ¥vhen. 
removed from overu 
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:oef f icient (r) 
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sulted in larger overrides (i.e., the difference between final 
center temperature and center temperature at oven re- 
moval). Visser et al. (I960) reported that the override of 
roasts cooked in oil at 1 10 C (230°F) was greater than for 
those cooked at lOO^C (2 1 2 "^F). Thus, the use of different 
oven temperatures would likely result in override curves 
with slightly different characteristics. 

In summary, viable salmonellae detected on beef roast 
surfaces after dry roasting most probably were present on 
the surfaces before roastiiig rather than being transported in ! 
cooking juices from internal locations to the surface during 
or after roasting. The use of combination cp^^ 
dures, ^ su ch as brief dip pi ng ui h pt c6 ok ing oil aft ^i; djy ' 
roa^ tin g or steam sny6!b,ti6n durin g ip art of th^'; rb'aVf^fi ji^^jpr;- 
iod allowed the |rgdu^^ 

beef. SuBjecri^ evaiuatibii of the degree of center slice 
rareness of roasts reaching maximum center temperatures 
between 54.4- 64J**C (130- 147.5 **F) indicated about a 
2% reduction of rare area for each degree of increase in 
temperature. Roast center temperature at time of removal 
from the oven was. significantly correlated with the maxi- 
munri center temperaljirc. 
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infrared Radiative Drying in Food Engineering: 
/V Process Analysis 

Infrared radiative drying is contrasted with conductive/ convective drying, 
pLsical and analytical aspects of the absorption of radiation by 
iZhomogeneous substances such as foodstuffs are discussed. Transport 
Zocesses in infrared heating are evaluated considering indu^trtal conditions 
at which infrared drying is feasible. 


Constantine Sandu, Department of Food Science, University of Wisconsin-Madison, Madison, Wisconsin 53706 


mtr duction 

When incident upon a physical body, the radiation in the 
wavelength range 0.10-100 fim generates heat The spec- 
Inim of thermal radiation is mostly c^)vered by infrared ra- 
diation. Conventionally, the specific limits of the infrarctl 
spw;tnim are: near infrared (0.75-3.00 |ini). middle infra- 
red (3.00-25 juni) and far infrared (25-100 |im). • 

Industrial radiative heating relies mostly upon infrared 
radmtorif which have their spectral distribution with the 
peak (the wavelength at which maximum flux is emittotl) 
situated in the near and the lx;ginning of middle infrared. 
Based on wavelength, infrared radiators are divided into 
light radiators (working in near infrared) and dark radia- 
tors. Quartz glass radiators have a spectral peak at J. 2 }i.m, 
ceramic radiators at 3.1 |vm and metal radiators at 2.7-4.3 
lun. 

A comparison between convective and radiative heating 
reveals the high efficiency of the radiation heat transfer 
[i]; convective heating with air at 250°C can realize heat 
fluxes of about 0.9 to 2.0 kwatts/m*, whereas radiative 
heating produces heat fluxes of about 43 to J 2.0 fcwattis/m= 
with dark radiators and 4.5 to 25.0 Icwatts/m* with light ra- 
diator. The particular properties of infrared radiation, i.e., 
high intensities of incident radiation fluxes (20 to J 00% 
more than in conductive heating [2, 3]) and the possibility 
of precisely controlling the incident mdiation fluxes, open 
new possibilities for technical processes using radiation. 

Great attention has been paid in the last decades to de- 
velopment of new physical methods for treating food prod- 
^icts, particularly the electromagnetic methods which in- 
clude the utilization of the infrared radiation. Althougli 
the economic aspects are still controversial, the available 
data give some assurances of the profitability of infrared 
Heating in food engineering [2-8]. 

hifrared;heating:can'be|iised^in:ba^^ 
irektfift5n{P(bl^ 
and dtyinj5 of fopdstufTs.-ln this reviewrthe focus .will be 
prirnarily on "Sie interaction between infrared rad iati on 
an4 foodstuffs with most attention on radiative drying. 

The main parameters characterizing the equipment of 
convectivelcondiictive drr/tng have been estimated based 
on data available in the literature (Table 1). When applied 


to drying of foodstuffs, the specific drying capacity of this 
equipment is close to the lower limit of the indicated 
ranges. This is l>ecause the drying tcmperahire has to be 
maintained at levels where the thermal degradation of 
products is minimized. 

Data in Table 2 describing radiative drying of some 
food products have been adapted from D^riberd [18], The 
eciuipment used to dry these protlucts is of both the batch 
and continuous-beh type involving continuous or intermit- 
tent irradiation. The performance of thi.s partic-ular radia- 
tive drying equipment competes sucwssfiiJly with that of 
the convective tunnel dryer (see Tables 1 and 2). 

The process economy of infrared radiative drying of 
foodstuffs has the potential to be further improved by im- 
plementing adequate process/equipment design concepts. 
Nevertheless, for foodstuffs, product quality and process 
economy t»an not always be judged on a common l>asis. 
Depending upon the product, the location, and the cir- 
cumstances, a comparatively poor quality product may be 
acceptable if the costs are low enough, or a high quality 
product may be desired even though the costs of obtaining 
it are high [J9]. 

Extinction of Radiation 

The mechanisms responsible for attenuation of electro- 
magnetic radiation as it propagates through a medium are 
absorption and scattering. Converting the radiation to 
some other forms of energy (or some other spectral distri- 
bution) is called absorption phenomena, whereas ^ca««er- 
tng mechanisms are those which redirect the radiant en- 
ergy from its original direction of propagation due to a 
combined effect of reflection, refraction and diffraction. 
The sum of the mechanisms of attenuation of electromag- 
netic radiation as it passes through a medium (absorption 
plus scattering) is generally called C3rfinct»an of radiation 

(see Figure 1). . j - ^ 

When the extinguishing material is agglomerated into 
particles, separated by regions of different transmissivi ties 
(such as emulsions and dispersions), or when variations oc- 
cur in the density of the sample (as in capillary-porous 
bodies or in bodies subject to a temperature or moisture 
gradient, or in solid bodies which contain a liquid, free 
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Table 2. Radiative Drying f Food Products 


Product 


Specific 
Drying Capacity 
kg ev,wat7m*/hr 


Characteristic 
Dimension of 
Drying Product 
(thickness) 


Drying 
Time 
hr 


Heat 
Consumption 
kj/kg ev.wat. 


shelled 

beans" 


shelled 
I green peas' 
:sKccd 

cartots»> 

sfioed 

tumips'\ 
shredded 
cabbage" 
'i ttwnatoes** 
sliced 
pumpkin* 
sliced 

aubergines 

sliced 

potatoes" 


plums 
apricots 


sliced 

apples 

sBced 

pears 

sliced 

qiiinces 

flour»''> 

caseine'**^ 

sardines**** 


2.46 

4^ 

2.96 

3.88 

3.52 
1.25 

1.07 

1.23 

3.33 
4.44 
4.44 
4.11 
4.11 
4.11 

2.05 

2.19 

2.05 
3.63-6.77 
6 
6.54 
9.09 


10 mm 
10 mm 

5 mm 

6 mm 

10 mm 
halves 

8-10 mm 

7-8 mm 

5 mm 
10 mm 
20 mm 
whole 
halves 
halves 

10 mm 

10 mm 

10 mm 
4 mm 
20 mm 
50 mm 
whole 


2.16 
2.50 
3 
2 

1.5 
12.5 

7 

4 

2 
3 
6 
3 

3.5 
4 

4 

4.5 
6 

3-4 min 
3 

5.5 
10-12 min 


5280 

3040 

4370 

3340 

3680 
7140 

8410 

7310 

5400 . 

4050 

4050 

3150 

3150 

2950 

6140 

5910 

6290 
6660-8460 
2540 
2300 
7850 


1) radiators with spectral peak at about 1.2 \un 

2) programmed intermittent irradiation 

3) continuous belt dryer 

4) using agitation each quarter of an hour 

Data adapted from D^rib^r^ [18]. 
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fractions due to the chemical bonds characterizing the 
given biochemical molecule itself> and in the second 
Kfoup there are the well-known hydrogen bonds (as im- 
portant forms of interactions with the extramolecular envi- 
ronment). Some simple hydrogen-bond systems in bio- 
Aeniistry under the influence of infrared radiation were 
studied by Liddel [3J]. 

The wavelength region of interest in discussing the in- 
teraction of radiation with foodstuffs can be restricted to 
the infrared range 0.75 to 15 p-m. Even for hi^ tempera- 
ture radiators, the spectral heat flux [{watts/m^Vixm] as- 


cribed to wavelengths larger than 15 M-m represents a 
sm|Jl fraction of the total radiative power. 

Due to a lack of suiBcient information, datii on absorp- 
tion of infrared radiation by the principle food constitu- 
ents must be regarded as approximate values. Amino 
acids, proteins and nucleic acids reveal two strong absorp- 
tion bands localized at 3-4 ^.m and 6-9 fxm [32, 33]. Figure 
2 gives the infrared absorption spectra of gelatin and egg 
albumin [18], Lipids are strong absorbers over the entire 
of infrared radiation spectnnn with three stronger absorp- 
tion bands situated at 3-4 jjim, 6 jim and 9-10 p.m [34, 35]. 
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Xbe absorption bands of xoaier vapors are centered at 
I 14 1.38, 1.87, 2.7 and 6.3 ftm for 0**C. These values are . 
bom Jamies n et al [47] and Sparrow et al [48] and sure 
confirmed by many other papers. Th first thr e abs rp- 
Kon bands of water vapors are weak so that water vapor 
jjas two principal absorption bands occurring at 2,7 and 

A correlation of absorption data by water vapors at tem- 
peratures from 3WK to 1100% taking into account the 
Sfluehce of mass of vapors per unit area, pressure and 
temperature, has been reported by Eduards et aL [49]. 

iTie effect of other gases on absorption of infrared radia- 
tion by water vapors as a Rmction of the partial pressure of 
the gases was studied by Vasilevskii [50). Tine effect of air 
seems to be negligible, and genenilly the air is considered 
as a non-paiticipating gas in radiation absorption [48]. 

The absorption bands of liqidd water arc centered at 
1.19, 1.43, 1.94, 2.93, 4.72, 6.10 and 15.3 jjini at 25**C [5/]. 
The four principal absorption bunds of liquid water are 3, 
4.7, 6 and 15.3 \im (see Figure 4), The absorption band at 
15.3 M-m actually extends over the range 10-40 p-m. Tem- 
perature has no significant effect upon these absorption 
bands [52-54]. 

The effect of film thickness on absorpti vity o f water is 
given in Table 3a [55, 56]. These data show that liquid 
Water tends to be totally absorbing even at small thickness 
when irradiated with monochromatic light at the principal 
absorption \yavelengths. 

But, in an industrial heating applicaHon, physical l>odics 
are not irradiated with monochromatic sources of light. 
Figure 5 gives the total transmissivity of water films when 
exposed to the radiative heat flux of a radiator with a spec»- 
tral peak at about 1.2 jjim. In this case, the depth of pene- 
tration for water is about 3 mm. 

A particle placed in a beam of radiant energy will lx>th 
absorb and scaitter the incident radiation [27]. The extent 
of the extinction process is detemiined by the cx)mplex re- 
fractive index of the material as well as the dimensionless 
Mie parameter a = 27Tr/K, where r is the radius of the 
particle [ml and K is the wavelength [m] of the incident 
radiation [27-29]. Figure 6 gives the extinction iarea coef- 


FIGURE 5. Total transmissivity of water to the radiative heat 
flux of a radiator with spectral peak at about 1.2^m. Adapted 
from Ddrlk>dr6 [18]. 



FIGURE 6. Extinction area CO fflcient of water partlcl s Irradi- 
ated with radiation f 2.2^m (curve iX Z95|iin (curve 3) and 7.7 
)im (curve 2). Adapted from Johnson and Terrell [571 
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ficient o£ water particles [57]. As the radius of the particle 
increases, the extinction process tends to be comjplete, 
that is, the extinction area coefficient tends as-yrhptotically 
to the value two. In Table 3b, the absorption ariea 
coefficient of water particles is given from data of Irvine 
and Pollack [58], at the principal absorption wavelengths 
of liquid water. 

The principal absorption bands oi solid water dm lo- 
cated at about the same wavelengths as for liquid water 
[59]. Studies of the absorption spec-tra of ice films arc par- 


Table 3. Absorption OF Infrared by Water 
Films and Partiojes 


wavelength pm 


Thickness 
of film 
tun 

3.0 

4.7 

6.0 

15.3 

1.2 0.800 
3.0 0.970 
10.0 1.000 
a. spectral directional 

0.040 
0.100 
0.350 
absorptivity 

0.300 
0.550 
1.000 

1.000 



wavelength (im - 


Diameter 
of particle 
iun 

3.0 

4.7 

6.0 

15.3 

2.0 
6.0 
20.0 

1.116 
1.279 
1.130 

0.065 
0^2 
0.677 

0.312 
0.857 
1.219 

0.214 
0.585 
1.151 


b. absorption area coefficient 

Data adapted from Plyler et al. [55;56] 
and Irvine and Pollack [58]. 
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nfklRE 9' Infrared absorption spectra of dry apples (1), apple 
1^86.6% moisture (2), potat es with 74.5% moisture <3), dry 
*!|g(oes (4), potat starch with 76.5% moistur (5), p tato 
Starch 11.8% moisture (6X dry tea leaves (7), and fresh tea 
^ves (8)^ Adapted from IIMasov and Krasnikov [70]. 
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FIGURE 10. Spectral transmisslvity of potato starch with 11.8% 
m isture at different wavelengths. Adapted fr m iriasov and 
Krasnikov [701. 



Radiative Drying 

As a unit operation, radiative drying of capillary-porous 
and colloidal bodies originates with the classical theories 
of Lykow [7J]. Related aspects to the mechanism of radia- 
tive drying are treated by several authors [2, 18, 70," 72], 
D6riber6 [18] and Ginzburg [2, 3] concentrate on infrared 
radiative drying of foodstuffs. Principles in designing 
tunnel-type radiative dryers are outlined by Filonenko 
and Lebedew 173] and IFiasov and Krasnikov [701. 

Assume a solid plate, at room temperature, is suddenly 
exposed to a radiative heat flux incident upon one of its 
faces, whereas the opposite surface is adiabatically insula- 
ted (see Figure 11). Consider also that the absorbed nidia- 
tion is completely atttenuatcd within a certain depth, the 
depth of attenuation. The superficial layer corresponding 
to this depth may be considered a location of an almost 
uniform heat-generation. This can be expected when the 
incident irradiance is polychromatic (industrial infrared 
radiators) and the body has an involved infrared absorp- 
ticm spectrum (foodstuffs). At surface 1, the plate will lose 


Table 4. Total Transmissivity of Foodstuffs to the Radiative Heat Flux of Light Radiators 


Product 


Thickness 
mm 


Spectral peak 
p.m 


Total 
Transmissivity 


raw fruits and 
vegetables 


tomato paste 
85% water 
70% water 
60% water 


1 
10 

30 

0.5 
0.5 
0.5 


0.6-1.1 
0.6-1.1 
0.6-1.1 

1.0 
1.0 
1.0 


0.6 -0.7 
0.12-0.18 
0.05 

0.558 
0.914 
0.950 


I C>ata adapted from Ginzburg [2]. 
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• t on ^^^^^^ ''^"^^ particles; dispersions; sprays), 

rntermittent irradiation of the product according to a 

irtilatcd time sefiucnce and (c) combined heating/drying 
%ods which involve the use of radiation, convection 
"lclcon('"t:tion. 

The method of mfermtffent irradiation was suggested 
K Lvkfjw [7J j. This can be done by exposing the surfaces 

f the body to the radiation at defined time intervals or \}y 
^j^jl^iions agitation of the particular products, and by 
^^eramming the radiative flux so that periods of irradia- 
Son dternate with periods of relaxation for the moisture. 
1^ radiative heat flux can be programmed in tenns of in- 
lensity» spectral peak and operation time. Radiative heat- 
. - i5 sufficiently versatile to allow siich operation. Based 
upon the infrared properties of foodstuffs and especially 
upon their behavior during infrared drying (how infrared 
absorption changes versus moisture-content decrease), 
g)e intensity and the spectral peak of the radiative heat 
Juxare specified accordingly. The duration of pauses is 
direcUy connected with how fast the moisture transfer 
takes place within the drying bo<fy. The apparent advan- 
tages of intermittent irradiation are: energy savings; 
shorter drying times at low temperature of the product; 
easy accommodation vi^ith convective, conductive and 
vacuum drying methods, • 

Specific energy consumption in drying apples under 
various conditions is given by Ginzburg [2] (Table 6). The 
Fadiative flux was either cimstant during the whole drying 
pnwress or its was programmed in time at different intensi- 
fies (without pauses). The distribution of the radiative flux 
was done so that the product received more energy in the 
initial stages of drying when the moisture was higher. 
Three zonal irradiation resulted in about 38% energy say- 
ings compared with constant irradiation. 

In the experiments of Lykow [71] (Figure 13), drying po- 
i tatoes to the same final moisture content required the fol- 
' lowing irradiation times/or different methods: 330 min- 
utes (continuous irradiation)^ 30 minutes (1:20 intermittent 
inadiatiun) and nine minutes (1:40 intermittent irradia- 
tion). The energy savings in the 1:40 intermittent irradia- 


F1GURE 13. Int rmittent irradiation applied to drying of pQtar 
toes: (a) constant radiation, 330 minutes; (b) intermKtent radia- 
tion, 2 second irradiation and 40 second pause; Ihtermfttent 
radiation, 2 second Irradiation and 80 second paused Adapted 
from Lykow [711. 
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tion was almost 97% compared to continuous irradiation. 
In addition, at the end of the drying process, the product 
temperature was 28**C in the intermittent method versus 
75-8&C in the continuous one [71]. 

In terms of combined heating/drying methods, all 
known types of drying equipment (tunnel, spray, pneu- 
matic, , drum, belt, fluidized-bcd, foam-mat, rotating- 
thin-film, freeze, microwave, vacuum driers) ckn use infra- 
red heating to supplement or to reduce energy 
consumption. The entire problem becomes one of process 
analysis and optimization. 

A combined method such as infrared heating of a con- 
vective fluidized-bed was able to achieve high drying 
rates in thick layers of grain (lOO to 300 mm) with good 


Tabue 6, Specific Energy Consumption in Drying of Apples Under Various Conditions 




Heat 


Heat Flux 

Drying Time 

Consumption 

Method " 

watts/cm* 

min. 

kW/hr/kg raw prod. 

Convection 



1.41 

Constant 




irradiation 

0.35 

240 

1.40 

Two-zonal 




irradiation 

0.62 

30 



0.35 

120 

1.01 

Three-zonal 




irradiation 

0.62 

30 



0.42 

30 



0.35 

60 

0.87 


1) Apples were exposed at 10 kg raw product per m* 
Data adapted from Ginzburg [2]. 
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Col. Ambrose T. McGuckian, U^A^ Ret 
FresidetU, A.G.S. Foocf System, Jim:. 


'^Develop a better system of hospitaL food 
service, better especially from the paOenfs stand- 
point arid better econoniicaUy" wais the obfecHve 
I received from Arthur W. Dana^ intemationaUy 
' knoivn food consultant tvith tvhom I was asso- 
ciated as project manager during a regioml food 
study whicJi exteruied -from midrFebruary to 
mid-October 19^. 

The stwiy teas sponsored by the Duk^ En- 
doicment <md three South Carolina Hospitals- 
Anderson, Greenville and Spartanburg — in 
who^re horwr the resyiiirig stjsteni um . named, 
Carl Rotvland of the Duke Endotument had 
suggested to administrdtors of three hospitals 
seeking a more' effective food system that re- 
gionally processed refrigerated foods might be - 
worthy of investigaiiorL The Crydvac Division of 
W, R. Grace Company aJso ^mrticipiaed in the 
project --a partidpation vital to its success. Cry- 
ovacs contribution included high, low at^ auto- 
mated vacuuni equipment, water hath cookers. 


jmckaging material and Charles Beady, pdckag- 
ing eri^neer and food technolo^ij^. 

The yiaha^'* for the study uw ert^ 
good: the Piedmont Regjion of the Carpttnas is 
dtjHamic and progressive: At every fepel^ ituuv 
ageirient is looking for ietter ways to do things. 
Advantage was takeri of the favorable climate 
aiui a Wdrkir^g Committee was formed. In addi^ 
Hon to the Froject Director, WtOtom Co^ !^^^ 
project maniager, Mr, F^ady, ii^ fpod tecftw 
gist ofid George Kraft (an Associate of Arthur 
Darui), the Working Committee consisted of 
Glen Fottz, microbiologjist, Greenville; Mrs. Vir- 
ginia Fowler, AD A^ chief dietitian, GreenvUle; 
Miss Mattie Mae Reavis, ADA, food service din 
rector, Anderson; Dan FhiMps^ food service di- 
rector, Spartanburg; and Mrs. Marcklle Sco^n, 
ADA dietitian, Greenville. AU gave fuU meas- 
ure, of their professiorid competence. Their 
counsel and objective criticism were extremely 
helpful in evolving the AGS rneAod of insHtu- 
tiqnal food service.^ A. T. McG. 


L 


DEVELOPING A BETTER SYSTEM of hospital 
food service required, first of all, a target for 
quality. Next, an analysis of traditional methods 
oi preparing food on a meal basis, noting advan- 
tages and disadvantages. The same procedure 
needed to be followed with frozen and other con- 
venience food systems, observing advantages and 
limitations. By maxinnzing advantages and mini- 
mizing disadvantages of the traditional and the 
^nvenience food systems, it miglit be possible to 
evolve a better food sarvice system — our purpose. 
Epitomizing the advantages of the traditional 
of meal preparation is the skilled housewife 
^«M>, with her kitchen adjacent to her dining 
takes pride in presenting every item of each 


meal to her family at its peak of temperature, 
flaiyor and succulence. Such food should satisfy 
the most critical patient and would have hi^ 
therapeutic value. Getting food to the patient at 
its peak of quality and temperature became oiir 
■ primary target 

Traditional methods of hospital food service 
have locked operations into a spiral of ever-in- 
creasing costs in food, wages, equipment and siip-r^ 
plies without any noticeable improvement in 
quality standards. Dedicated dietary staffs are 
engaged in a daily struggle to provide patients 
with acceptable meak meeting minimum temper- 
ature requirements. Sometimes they win and are 
encouraged by the compUments received. Just as 
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2. Capture and retain the aroma, flavor and 
fresh taste of food to the point of consump- 
tion by the patient 

3. Completely inliibit the ^wth of any harmful 
bacteria from time of processing to time of 
consumption. 

4. Have a shelf life of at least sixty days. 

5. Improve nutritional qualities at p6int of con- 
sumption over traditionally prepared foods. 

6. Assure patients and staff hot, satisfying meals. 

Basic to the achievement of the aforementioned 
objectives was the requirement that quality con- 
trol measures be rigorously followed from devel- 
q)ment of ingredient specifications, to prepara- 
tion, processing, storing, distributing, reheating 
and final delivery to the patient. 

Developmental Stage 

In our initial processing, /ti% cooked /pwi pre- 
pared by the regular cooks was vacuunirpack- 
aged, pasteurized, chilled and held at low refrig- 
erated temperatures for a period of diirty days. 
Of twelViB pn>c(ssed items randomly chosen and 
taste teiited by the Working Conimittee test panel, 
two were considered very acceptabfle and ten 
were rated barely satisf^tory. "Tired fbc^ best 
describes the tiaste paScl s fully 
cooked before processing. 

Although somewhat discouraged by the taste 
panels unfavorable reaction, ail a^ of the 
problem indicated a solution to me; Tliis w 
stop packaging and ptoc^ing frilly bbokeid foc^ 
Instead^ poinplete the cooking in the pMputih if tier 
it had been vacuum sealec^ thereby capturing and 
. retaining the flavor of food at its peak of excel- 
lence. Thus evolved the Ai G. S. System. 

Several pireparation and procesising techniques 
were developed Depending oh the food item it- 
self, it would be portion^ in one to five portipns 
and vacuum-packaged while at varioiis degrees 
of dopeness, this means prior to being fulfy 
cooked as with a stewed type item such as meat 
or chicken pot-pie, or when partially cooked, such 
as fried chicken. Grilled items, such as chopped 
sirbih steak; are placed on a grill jiist lorig^s^uglvft 
to set and give surface color; Some foods ju-e 
placed in the package raw and completely cboked 
^thin the pouch in a temperature-controlled wa- 
ter bath. 

A. G. S. Processing System 

A description of the A. G. S. Processing System 
follows: 

^oy 1969 
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water bath. 

. Tlie prepared product is i{uick chilled in an 
ice water tank, then stored in a walk-in re- 
frigerator especially modified to hold at 28^ F 
to 32°F, the lowest holding temperature 
range possible to hold food without freezing. 
These procedures inhibit the growth of any 
h;trmful bacteria and permit a proven shelf 
life of at least sixty days, a major criteria for 
the new system, 

Distribution of the refrigerated food to using 
satellite fecilities outside the Giccnville Gen- 
eral Hospital is presently by means of covered 
plastic containers with the product surrounded 
by crushed ice. Tliesc food containers are 
tranisported in the delivery vehicle of the r^ 
cei\'ing hospital; 

Upon receipt at the William G Sirrine Hois- 
pitai, the pilot testing: facility for patient ac- 
ceptability, food items for the approaching 
lunch on meal are placed in their sealed 

Continued 
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Left 

Fig. 3 — C mpletely process d 
food pouches are quidc-chillcd 
before jbeing placed on wire 
racks and carted to the waOc-in 
refrigerator. 



night 

Fig* 4 — Interior view, of the especially 
modified refrigerator which holds food 
within a temperature range of 28 *F to 32*F 
and does not freeze the food. For distribut- 
ing chiUed food to satellite hospitals^ the 
completed system plans to use a mobile 
refrigerator imitized container holding up 
to 1200 portions, similar to the Frcez-Fof ter 
insulated mobile refrigerator. 
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Fig. 5 — A quick energy surge applied to 
plated food in a micro-wav oven s nds 
food piping hot to the patient. (Fihn, with 
ime comer turned up during heating; can 
be used to r tain heat ) 
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Hoto nwny new hosfHtal and nursing home op- 
erations do you have in the planning stage? How 
wiU they differ from Tucson? 

At present, we have food systems for four major 
h spitals in the planning stage. Two of these are 
conversions, two are being planned for new build- 
ings. Both of the new installations are high-rise 
buildings. One will have pantry refrigerators on 
each floor sufficient to hold all three meals at once 
so that kitchen preparation will be handled in 
one eight-hour shift In the other, we will utilize 
automated, refrigerated carts to deliver chilled 
food to the floors for microwave heating. 

What do you consider the major advantages of 
systenis using convenience foods? 

As mentioned, food controls are better. Most of 
the food supply is under direct control of the die- 
titian. There is little instance of run-outs ftom in- 
adequate food estimating or waste from over-es- 
timating. Jf too much food is defrosted, it can be 


AGS, continued from page 92, 
quieter operation. From management's, point of 
view, much more time and attention can be given 
to patient care and to more orderly planning. 

The Greenville Hospital System saw so many 
advantages for continuing and developing the sys- 
tem further that it appointed a Director of Com- 
missary Operations upon conclusion of the study 
and will expand the present pilot operation to 
include other satelhte units. Construction of a Re- 
gional <}oramissary is being considered. In plans 
for a 200-bed unit to.be set up on the A. G. S. Sys- 
tem, which will also supply an additional 330 
l>eds in the satellite units, an annual savings of 
$92,000 is indicated Savings are substantial in 
space, conventional equipment and production 
personnel. 

The greatest possible savings appear to be pos- 
sible through the establishment of regional com- 
missaries, cither throuf^ cooperative joint venture 


held safely in chilled state for serving the next 
day. 

The savings in labor is perhaps the most at- 
tractive aspect of convenience systems. 'Skilled 
cooks and bakers — which are increasingly diffi- 
cult to obtain — are almost unnecessary. Unskilled 
new hires can be trained on premises as food han- 
dlers. Under ideal refrigerab'on conditions, three 
meals can be prepared in a single shift by food 
handlers under dietetic supervision. With cen- 
tralized tray assembly, there is less demand on 
the time and energy of the dietary staff. Food 
handlers operate the service pantries, inchiding 
microwave operation and tray distribution. 

Ronald P. Kooser was graduated from the Sdiool 
of Hotel Administration at Cornell University in 
1961, with a concentration of courses iii Food 
Facilities Engineering. Since graduatk>n, h has 
been employed by Stouffer's, first in the com- 
pany s Management Food Service Division in 
Philadelphia, and presently at corporate head- 
quarters in Cleveland. 


agreements or on a contract basis with a private 
corporation with distribution to using facilities by 
temperature controlled containers such as the 
Freeze Porter System. 

While this article has emphasized the applica- 
tion of the A. G. S. System to hospitals, it is 
equally applicable to other mass feeding inedia 
such as schools, colleges, military bases, institu- 
tions and hotels and restaurants. It is especially 
advantageous to irjstitutions with multi-unit food 
service facilities. One production center can sup- 
ply the full cooked food requirements of the insti- 
tution effecting tremendous savings in persoimel, 
food, equipment and space while satisfying th 
customer better than ever done before. 

Thus, the A. G. S. System is a better system. It 
offers a fresh new approach to mass feeding tech- 
niques which with nurturing and devebpment 
may well revolutionize institutional food prepara- 
tion. 


.A. Quarierty May j^^g 
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The microbiological shelf life of vacuum packed broiled chickens 

R.W.A.W. Mulder and A.R. Qerrits 

Spelderholt Institute for poultry research, processing department. Beekbergen, the Netherlands 


Inlroductiofi 

Vacuum packed broiled chk:kens with a barbecue flavour 
have recently been marketed in Holland and Germany; 

There Is no tnf or i i natton araHable on p ac k a g i ng, storage 
temperature and statMltty, microflora and other criteria, 
however. 

I^ost literature relating to barbecue products comes from 
research workers in the USA. 

But the products descr{t>ed are not comparable to the pro- 
duct at present manufactured in Holland. 

Preparatkm and composition of the US bart>ecue products 
are different and there is no vacuum packaging. They are 
not sold in supermarkets but in cafetartas eind the like 
(S e n n & W i 1 1 i a m s . 1967). For these reasons the majo- 
rity of workers descrit>e the put>iic health aspects of bar* 
becue products with reference to the presence of Sa/- 
moneftae. 

P I V n i c k et al (1968) descril>ed the growth of microorga- 
nisms causing various fonns of food Infectkm and food 
poisoning (Staphylococcus aureus, Safmonetia typhlmurfum 
and Ctostrfdfum perfringens) in barbecue chickens. The 
latter proved to be an excellent nutrient medium for the 
growth of these microorganisms. 

Although there are few points of comparison between 
American bart>eciie products and the Dutch vacuum packed 
broiled chickens with a barbecue flavour these articles 
nevertheless point up Itie difficulties that may be en- 
countered in ensuring the shelf life of this product 

But from a public health point of view the presence of 
Safmonaftae is not so important as the presence of some 
Clostridia strains in the vacuum packed broiled product. 

The shelf life of a precooked chicken product was des- 
cribed by Logan et al (1951), also the effect of hot and 
cold packaging of the product on the bacteriological 
quality was studied. Hot packaged products were found to 
have a far better bacteriological quality. 

Vacuum packed broiled chickens, however, were not re- 
ported In literature. The main benifits of vacuum packing 
are that it prevents the product from drying out during sto- 
rage and that it increases the shelf life by preventing the 
growth of psychrophilic bacteria which cause putrefaction 
(Roth&Clark.1972). 

Although vacuum packing is known to retard ttie growth of 
putrefying bacteria, little Is known about the microbiology 
of vacuum packed broiled chickens with a barbecue flavour. 

Pierson et al (1970) and Reagan et al (1971) indicate 
which microorganisms can survive vacuum packing, but 
scarcely any information is available on the factors invoked. 
In any case there are no data on the mintrnum amount of 


oxygen needed for the growth of putrefying and other groups 
of unwanted bacteria. 

Table 1 gives some data on oxygen requirements of bao- 
terfa (Ingram, 1962). 

Table 1: Oxygm paillal presaim lieedMl Ipf tte 

ratplratldii of vartoua mtoroorganiiuns (Ingram, 19G2) 




pa»(«tm) 



. growth . . 

respiration 

temp. (^C) 

Ciostrldtum tyroMyricum 

aooa 


37 

Lactobaemus pastortanus 

0.02 

0.01 

25 

EscherfcMa coif 

aoi 


37 



0.01 

2S 

Acatobacter 

0.006-O.004 

oxa 

25 

certain yecasts 


0.01 . 

27 



6.001 

IS 



0.0004 

5 


As can be seen there are not much data available, aiid ateo 
there is scarcely no infpnhatibn on the micro-ecological 
conditions in the vacuum packed broiled chickens, as a 
result of the changes in the composition of gas during 
storage, although it Is known that oxygen is used for the 
growth and respiration of the mlcroorganisnis present. O0| 
being released. 

In the present investigation an attempt was made to 
measure the growth of varknis microorganisms, or ratfter 
vartous groups of microorganlsrns, when the paduigM 
sainples were stored al given temperature. In this way k 
was possible to estirhate the shelf lifb of the vacuum packed 
broiled chickens with a bart>ecue flavour. 

WitH a'Vi(i#'to 1^^^ 
t^miMi^k^^ thti^iipa^l^p^^^ 
wHic^'werir^reaihf^i^ pi^^^i^in^ 
rised ifi^'fwt' Watec*'^' * 

Material and methiodt 
Starting material 
Sbft^calde^ chickens WeresUc^>as starting material fw'tlMf 
prepaVatioii^ 

chlckehs were rinsed vifitfi cf^K»Ti^t^ ^ ^'l^t 

and given the specific layer of arpmia^fbr a barbecue fla\^ 

The. chickens were br^iled,;the. :0\neri temperatui^ rising to 
about 200^0. Aflef ; cooling they,, In hahli^ and 

vacuum: packed. The oxygen permeability f the packaging 
material, a polyethylene nyl h, was 0.9 x 10-o cin*/0,/cin>sec 
cm Hg. 

Pasteurization treatm nt 
The pasteurization treaUnent was carried out as fplk>ws in 
a cooking vat (Haas und Sohn) : 
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Tables 

E: MIcroblologlc&l determinsOona on th< 

a eterUhg roMerlal 




PCA V 

= VRBQ'V 





Starling mateHat in.o7g 
after curing In brine' 
^Ifter broiling 
after cooling 

6A10* 
2.5.10» 
. <10fti, 
4^1t> 

8.4.1(P 
2.2.10* 

<10 

1.0.10» 
6.3.10* 

<100 

ij5.ib» 

4.7.10« . 

• > •■<ioo--. 
<iob 

7.4.10» 
5.2.10* 
1.0.1V 
<W 

8.2.10* 
2.2.10* 

^ Iv0i10*v^^ 

2.aid* 


a. The vacuum packed product heated for 20 rfjihutas In 

water of 70® C <± i** c) and then* icooled for 15 minutes 

inwater of li*C(± l^'C). 
b The vacuum packed product was heated for 20 minutes 

in water of 80** C (± 1** C) and then cooledfor 15 minutes 

inwatefol11<>C(± I'^C). 

Storagecondltions 
The storage stability tests were applied to the pasteurized 
and unpasteurized product at: 

a. 1(±1)<*C 

b. 5(± 1)0C 

c. 20(± 1)*C. 

Microbiological examinations 
The skin crush method described by Veerkamp et al 
(1972) was used for homogenizing the samples of meat and 
skia 

. Two vacuum-packed chicken halves were examined weekly. 
Three samples of rneat and skin were taken from each 
chteken-half and homogenized. 

Media 

The following media were used for thie mteroblological 
examination: 

Plate count agar (Oxoid) total aero- 
bk: bacterial count 
Vfolet red bile glucose agar (Oxold) 
fme/obacfer/aceae 
EnterococGl confirmatory agar (Oif- 
co) facK^ai sirepfococc/ 
llannitol salt agar (Oxoid) micro- 
cocci 

Oxytetracyclihe yeast glucose agar 
(lulo88eletaM962) 
Yeast and moulds 

Olson agar — f>sychrophlilc micrcH 
organisms \ 
Clostridium perfrihgpris was; detected ohHeinforced Clo- 
stridial Medium (OxoW). 
Microbiological criterion, for shelf life 

In order to evaluate the results, and to predict shoK We, a 
limit was set for bacterial coimt This limH was based on the 
statutory requirements regarding pasteurized products. 

As a rule, the total bacterial count la this type of product 
may not exced 50 000 per gram. 

This is only Intended as an indication that dlfflcuttles might 
be encountered if pathogenic bacteria are In the product, 
il does not givb information alwut wholesomeness of the 
product 

Results and discusskm 

The results f th micrbbioiogical determlnatfons n the 
starting material are presented in Table Z 
The shelf iife is determined by the total number of bacteria 
present, subdivided into (about) fh^e groups f microorga- 
nisms. 

Counts less than 10 and less than i0» Indicate the limit of 
accuracy f the method of deterrhlnatlon empi yed. 


Table 3: Changes hi pvychrophllic microorganlsins bt 
becue cMckens aloted at a low tempMture 


4eh30*>CPCA 
10-24h37<>CVRBQ 
46h 37^CECA 
48h3r>CECA 
48h22^COGQA 

120h12«C 


days at 

Olson 
medium 

days at 

0-2*>C 

Olson 
medium 

0 

<100 

0 

<100 

S 

5.0.10" 

5 

7.0.10* 

14 

2.aio* 

14 

7,0A0» 

20 

1A1V 

20 

1.0.10* 

26 

Z4.W 

26 

1.0.10* 


Figures 1 and 2 show the total count and the Bnterobacto- 
r/aceae count In broiled chickens as a function of the eto- 
ragetime. 

It can be seen (Fig.1) that after 3^ 9 4 10, 20 ft 21 days the 
specified limn of 5j0.10« microorganisms per gram Is ex- 
ceeded in broiled chickens stored at + +5*0 and 
+ 1*>C respectWely. 

The entorobacterieceae In Figure 2 show distinct growth 
at + 5® C and + 1® C after a S^iay storage period. 
Before this pertod the nurnber of microorganisms to be 
determined was less th^n 10 per gram. 


10 


7- 


6 


10 


Id* 


+ 

Total Coant/f . 


I 


Time (doys) 


-r- 
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"T — 

16 


24 


—I 
32 


Figure 1: Microblotogtc^ sMf life of vacuunhpecked broiled 
cMclcens. Total count 


110 


ARCH IV FOR LEBENSMITTELHYQIENE 


Nr. 5 


10'- 


10* H 


io'h 


Id*. 


Enterobacteri aceoe/g. 


t 


O x 


-» timd (doys) 


16 


— I — 
24 


—I 
32 


days at 0°-2" C 

Olson medium 

0 

< 100 

5 

1.0.10» 

14 

< 100 

35 

< 100 

41 

5.0.10» 

47 

8.0.10* 

55 

1.0.10» 


Figures 3 and 4 show the total counts in chfckens pasteu- 
rized at 70i> C and SQO C. It was found that the spollago limil 
is about 31 days for chicle ns pasteurized at 7D0C and 
8t red at + 5° a and at least 31 days at + t^O, 
Pasteurtzati n at 60^ C gave the same number of days. 

The high ounts after 3 days are caused t>y favourable 
conditions, before the vacuuni packaging Is effective on 
the growth and viability of the microorganisms. It was noti- 
ceable that no Enterobacterlbceae counts higher than 10 
per grani were determined at either pasteurization tempe- 
rature when the chickens were stored for 54 days at + S^C 
and + ioc. 

Spoilage was due to psychrophiiic microorganisms sur- 
viving these pasteurization temperatures. 

An exchange of the growth of these microorganisms is 
given In Table 4. 

Of the other media employed* growth occured In the yeasts 
and moulds only; No yeasts or moulds were detected-after 
pasteurization at TO^C and 8(fiC and storage at 4°-G<^C. 
On the other hand, after a storage period of 54 days at 
0**-2®C. 1.8.10» m.o/g were detected in barbecue chlckeas 
pasteurized at 70^C and 1.0.10' m.o/g in those pastieurized 

ateooc. 

The results obtained make clear that baft>ecue chicked 
have a limited shelf life 1. e. a ntaximum of 21 days under 
ideal storage conditions when the total bacterlatoount is 
not alk>wed to exceed S-O^IO* m.o/g. But the total bacterial- 
count is not the only criterion needed for assessing the 
product This is shown by the pasteurization tests. In which 


I07J 


ffgure 2: Mfcrobfotogleat sMf ///e of vacuwn^eked bfoiM IQ^ 
cMckens, £ntBrobacferf3ceae cotmt . 


For yeasts and moulds there ts an if>crease after a 5-days 
period at + 5® C. At +1^0 scarcely any growth was 
detected throughout a 26-day storage period. |q! 

The counts of psychrophiiic mtcroorganisms are gh^n in 
Table 3. No growth was detected of the faecal Sfn»pfocpcc/, 
Micrococci and Stapftytococci or of dostridium perfringens. 

On the 26th day only 1.2.10*. faecal Streptococci per gram ^ 
were found. 10 " 

In the unpasteurized product a distinct growth of Enfero- 
bacterfaceae was found. Sbice the Salmoneltae^ known to 
be a public health hazard, belong to the BnterobacieHaceae, 
two investigations were done on the pasteurization of the 
vacuum packed broiled chickens in order to suppress |()', 
growth of these microorganisms. 

Uo Clostridia were detected In this product so the Salmo- 
ne//8e were of more importance to look for. 

Table 4: Growth of ptychrophtllc microorganisms after pa- IQr 
steurlzellon at SO^C during the ttbrage of barl>ecue ch l cfc ens 


18x10® 
t 


Totoi Count/g. 


o 

X 



Figure 3: MfcrobMogfcat sheft life of vacuum-pacffed pmsteotitta 
^70* C) broiled chickens 
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Figure 4: Microblofogical shell tile of vacuunhpacked pasteurized 
(mfi C) brpiied cMciierts 

bitlte figures: stored at -¥ 209 C 
O stored af + 5® C 
X sroretf af + 1*>C 

the shelf Mfe is in any case 31 days. Whereas the absence of 
pasteurizatioh permits the growth of EnterobactBriaceae 
yeasts and moulds, only psychrophllic microorganisms were 
able to develop in the pasteurized product. 

The fr7ferobacfer/aceae, including the SalmoneUae were so 
inhibited by pasteurization, that no growth of tliis group of 


bacteria was bserved when the total count was already as 
high as 10* mlcroorgantsms per gram. Under these, condir 
ti ns the psychr phili fl ra (and to a tower extent th 
y asts and moulds) sh wed t be a more important factor. 

Although no Clostridia were d tected in this investigations, 
th risk of a C/os/r/d/a*infection is still present under prac^ 
tical condittons. 

The present investigation points up however the many fac- 
tors which have effect on the shelf life of vacuum pacKed 
barbecue chickens. 
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Summary 

The microbiological shelf life of vacuum packed broiled 
chickens with a bart>ecue flavour was estimated. Also the 
extended shelf life after pasteurization treatment was 
investigated^ Bart)ecue chtokens, vacuum paclced, have a 
limited shelf life, i. e. a maximum of 21 days under ideal 
storage conditions. After a pasteurization treatment this is 
31 days. 

Zusammenfassung 

Mfkrpbioiogische Haltbarkeit von vakuum-verpacktei^ ge- 
bratenen Hdhnchen mit «Bart>ecUe*' (Holzkohlenro8t)-Oe- 
schmack wurde untersucht AuBerdem wurde die verlfingerte 
Haltbarkeit nach einer Pasteurisierung geprOft .Barbecue"- 
Hdhnchen, die vakuumverpackt sind^ haben t^eschrfinkte 
Haltbarkeit, und zwar ein Maximum von 21 Tagen unter 
idealen Lagerungsbedingungen. Nach einer Pasteurisierung 
wird diese Haltbarkeit auf 31 Tage verlAngert 
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Ein Verfahren zur Bestimmung der SauerstoffdurchlSsslgkeit von Wursthailen 

Von M. Schaal. a Bach und H. RQter 

Aus dem InstHut fQi' Hygiene und Teciinologie des Fleisches Im Department TierSrzttlche Lebensmittelwissenschaft 
der Tierftrztlichen Hochschuie Hannover - Oirektor: Prof. Dr. S. Wenzel 


EInleltung 

Nelwn mikrobietien und physikalischen Ursacberi stellen 
chemische Ver§nderungen ein hdufig Verderbnisquelle 
fur alle Wurstarten und -sorten dar Das Ranzigwerden des 
Wurstfettes durfte die vorhenrschende chemische V rd rl>- 
nis sein, els deren katalytlsche Faktoren vor allem Sauer- 
stoff. Ucht und WarrT>e in Frage kommen. WShrend di 
Ucht- und Warmezufuhr weitgehend durch die Art der 
Lagerung zu regutieren sind. kann der Zutritt von Sau r- 
stoff zum Wurstgut nur uber die Hulle beeinfluBt w rden. 


Deshalb erschlen es iins wichtig, eine Mdglichkeit zu schaf- 
fen. die verschiedensten WursthQIIen — einschlieBlich der 
Naturdirme - viBrgleichend auf thre SauerstoffdurchlSsslg- 
keit zu prQfen. 

Schrlfttum 

Die im Schrifttum ang fuhrten Versuchsanordnungen zur 
Messung der PermeabilttSt von Kunststoffmembranen er- 
moglichen durchweg gut reproduzierbare Ergebnisse 
(MQII r und H uwink, 1954; Henn ssy et at.. 
1967; Gaudig, 1969; DIN 53380; Nd$el,1969, 1972a u. 
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Microbiological Stability of Pasteurized Ham 
Subjected to a Secondary Treatment In Retort Pouches 

p. J. D£LAQU1S» R. BAKER' uid A. R. McCURDV 

Deparmtm of Applied Microbiology and Food Science, Vniversiiy of Saskatchewan. Saskaroon. Saskaichen-an S7N Om, Canada 

(Received for puhlicatioQ May 17. 1985) 


ABSTRACT 

agiiijg in re^ ^ 

beat tri^^ inc^R^iog^ ii«cH>^^ 

bial; Mbaity. Pasteuriied bams reheated at 121*C for 10 min 
and stored at I±1*C w 6±1'C showed oo microbial growth 
after 6 or 12 months of storage. TTic number of microorganisms 
in pasteurized hams not receiving the secondary heat treatment 
ranged from ltf*/g to >10*/g and from 10* to >10*/cm* on 
the surface after 3 to 5 nxmtfas of storage. Pasteurized hams 
that had been inoculated with Clostridium sporogenes spores 
before pasteurization followed by a secondary heat ireatroent at 
12)^ for 10 min showed a delay in the occurrence of swollen 
packages when stored at room temperature compared to hams 
not receiving die secondary heat treatnoent. However, the secon- 
dary heat treatment did not prevent spoilage of haras. Ham that 
has not been treated to elirhinate spores should be refrigerated. 


Pasteurized canned hams are classified as semi-pre- 
served meat products (2). The expected shelf life of these 
products is from 3 to 6 mondis under refrigeration 
(//,/2). They range in size from small 454-g cans de- 
signed for the retail maikct to 11.3-kg harns for the 
wholesale trade. 

The pasteurization process ensures destruction of most 
vegetative cells in ham with the exception of heat-resis- 
tant strains of Streptococcus faecalb, S. faecium. Micro- 
coccus sp. (S) and Lactobacillus viridescens (13). Sports 
of both Clostridium and Bacf7/u5 survive the heat treat- 
ments coxnnwnly employed with such products and can 
germinate and grow out to cause spoilage (9,75); It is 
because f the potential survival of these spoilage and 
pathogenic organisms that pasteurized ham is refrigerated. 

The constantly rising cost of nrjetal cans has led the 
meat industry to consider the reiort pouch as an alterna- 
tive packaging system. At present the cost, of a rcton 
pouch suitable for the packaging f an 11 .S-kg ham is 
roughly one fourth of that for a metal xrontainer. Pouches 


*Fresem address: Inttrconsinrnml Packers Utt., P.O. Box HMK Saska- 
toon, SaskaichcHxai S7IC SU4. 


also occupy much less space in storage and arc miK3i 
more easily disposed of by the consumer or retailer. 

Because retort pouches lack the rigidity of metal cans 
and hence die ability to impart shq)e during processing, 
we h^ve investigated a process ccmsisdng in three $t£^e$: 
Ca) p^te^^ in a. stainless steej mold; {b) siitee^ueQl^ 
vacuiim ^^^^^^^^^ 
atiue 

cohtaihinadrig^idigabi^ a^ 
bam dipng har^^O&^be^^ 

Accordinjg to a patcpt issued to Kueck et al. in 1965 
(10), a process similar to this leads to shelf subiHty of 
canned ham. Although it is generally accepted that such 
suboptimal heat treatments cannot ensure the safety of 
cured meat products at room ten^)erature, we have inves- 
tigated the possiblit}* that our process leads to shelf stabil- 
ity. 

T!w following experiments were designed to deicnmirie 
whether our high-temperature short-time process is effec- 
tive in eliminating contaminants on the surface of letort- 
poucbed hams to >'ield a shelf-life equivalent to that ex- 
pected for a conventional pasteurized canned ham. 

MATERIALS A^fD MCTHODS 

Storage experiments 

Ham preparation, Tht storage experiments were dm usi^g 
a commercial ham formulaticm: boned bams were pumped to 
1 14% (by weight) with brine to obtsiin a fmal salt concenuation 
of 3% and 150 ppre sodium nitrite. The raw ham pieoes were 
tumbled in a KSI ham massager (Knud Simonsen Industries, 
Toronto, Ont.) continuously for 24 h and subsequemly pumped 
into dual chambered molds (11.4x11,4x91.4 cm, Mepaco, 
OaklarKi, California) that had been fitted with polypropylene 
liners (Tecpak-Non shrink, Toronto. Ont). Each mold received 
* approximately 10 kg of raw ham. The inokis were processed 
in a siiir retort at 76*G until an intcral temperature of 7I*G 
was reached (about 4.5 h). The temperature wzn monitored by 
means of two 5-cm thcmiocouplcs (OF £cklund. Cape Goral. 
Rorida) using a Honeywell model III rcc<mlcr (Fort 
Washington. Pennsylvania). fx)llowing pasteurization, bams 
were chilled overnight at 5"C. 
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Hams were subsequently removctl from the molds and cut 
into pieces approximately 5 x 1 1.4 / 11.4 cm. Hairis were 
vacuum-packaged itj rcion-pmicbcs (Reynolds Aluminutn C 
Mount Venuw. Ohio; of dimensions 30.5 x 45.7 cm and con- 
sisting of three layers: 4« gauge polyester. .0007 in. foil, 4 
mils polypropylene. A Roschenmatic (Osnabrilck. West Ger- 
many) model VM 20 vacuum sealer was used for packaging. 

Storage. For experiment I, 72 hams were used. Eighteen 
hams were placed In each of two coolers which were set at 
\ X IX and 6 ± IX. The remaining 36 hams were sus- 
pended from wilts in a reton and subjected to a lO-miri steam 
treatment at I21*C and 15 PSI. After cooling for 24 h at 4X. 
18 of these hams were placed In a cooler at ! ±, IX aiid 
the remaining 18 in a cooler set at 6 ± IX. For experiment 
2. 50 hams were further-processed at I21X for 10 mih before 
being placed in the cooler at 6 ± IX. An additional 25 hams 
'\xxt stored at the same temperature widtout the addidonai heat 
treatment, 

Bacurioiogy. The folibwing sampling plan was employed for 
bacteriological examination of each sample: (i) Stufaces: A 10- 
cm~ template was made by cutting a circular bole in a small 
metal spatula. This device was flamed with alcohol between 
samplings, Surfaces wete swal>bed using sterile cotton idppcd 
applicator sdcks and 10 ml of sterile 0.1% peptone diluent 
(Ptfco), Two 10-cm^ areas were swabbed on each large end 
of each ham sample. The applicator sticks were rinsed in the 
jome blank between each swabbing. A total surface sample of 
40 cm* was (Stained by this method. One arta on each of die 
remaining 4 sides was. siihllaily swabbed to obtain a second 
pooled 40-cm^ sample, (ii) Blended samples: Samples (33 g) 
were aseptically removed from the center of each ham sample 
mth an alcohol-flamed sharp knife and blended with 297 ml 
of sterile 0.1% peptone diluent in sterile 1.25-L blender jars 
for I min. 

The swab rinsings and blended samples were subjected to the 
following microbiological analyses using the pour plate method. 
{a) The aen^ic mesophiltc (SPC 32) and psychix^>htlic (SPC 
4} populations were estimated by incubation at 32X for 48 h 
and at 4X for 10 d on Standard Plate Count agar (Difco). (b) 
Enumeration of lactobacilli was performed using MRS agar 
(Oxoid) tribubated at 25X for 5 d (MRS), (r) Isdation of en- 
terococci was achieved on Enterococcus agar (EMfcoj incubated 
at35Xfor72h(ENT). 

AH dilutions were plated in duplicate. Three hams ficom each 
treatment were subjected to these analyses on a monthly basis. 

toculated pack studies 

Inoculated ham studies. Clostridium sporogenes (ATCC 
7955) spores \**ere harvested from beef heart infusion brotfi by 
the method of Goldini et al. (i). The spore suspension was 
washed 10 times in sterile M/15 sodium phosphate buffer (pH 
7.00) and stored at 4X. Spores were used within a month of 
harvesting. Microscopic examination of the suspension revealed 
lessiiran 5% vegetative cells. Following a 15-min heat shock 
at 80*'C. enumeration was done by plating on PA 3679 agar 
"'odified acconling to Grischy ct al. (5). Plates were incubated 
: an anaerobic jar under CCK at 30X for 10 d. 
Ham uas formulated as described above. Before cooking, the 
pumped and tumbled muscles were ground using a 12.7-mm 
plate. Ground meat and brine were weighed and placed in a 
large ribbon mixer. An appropriate dilution of the spore crop 
was added to the mixer to yield a t(Hal load of 100 spores pc^ 
gram of raw ham. .After mixing for 30 min at room tempera- 


nire. the ham was stuffed into dual molds, processed at 76X 
to an internal temperature of 7IX and' chilled overnight. The 
cooked hams were cut into luO piccci (3 y 1 1.4 x 11.4 cm) 
and the pieces were tndi\idually vacuum-packaged. 

Storage. Fifty hams were placed m an incubator at 30 ± 
IX without further-processing. The remaining 50 were sub^ 
iected to a 12IX treatment for 10 min in a retort, chilled over- 
night at 5X and placed In the incubator at 30 ± IX. 

Bdcreridioifical evaluatiott. Every 10 d packaged hams were 
inspected visually for swollen piackages or loss of vacuum. In 
all hams displaying symptoms of spoilage, 33-g samples were 
asepdcally removed from die ham and blended with 297 ml 
of sterile 0.1% peptone water ifbr I . min and subjected to the 
folk>wing microbiological analysis: vegetative C. sporogenes 
cells were enumerated by plating on mpdiHed PA 3679 agar 
followed by incubation at 30X for 10 d in an anaerobic jar. 

RESULTS .AND DISCUSSION 

In experiments 1 and 2. the pa^imzed hams that had 
been reheated at 121X for 10 min did not show any evi- 
dence of spoils over iht 6- and 12-month storage 
periods investigated. (Tables 1,2,3). Pasteurized hams 
which did not receive a further heat treatment and which 
were stored at I ± IX developed microbial populations 
exceeding 3.0 x •lO'.gm and 3.0 X l(f/cnr on the sur- 
face for mesophiies (SPC 32), psychrophilcs (SPC 4) and 
lactobacilli (MRS) after 3 months of storage (Table 1). 
The microbial loads of unhealed pasteurized hams stored 
at 6 ± IX in experiment 1 (Table 2) exceeded tfiesc 
values about 1 nionth earlier than those stored at 1 ± 
IX. In experiment 2. the microbial bads of untreated 
hanis exceeded 10*/cm- on the surface after 5 months in 
storage at 6 ± IX (Table 3). The different spoilage rates 
observed for unhealed hams in these two experiments can 
be attributed to variations in iht initial bacterial loads in 
the pasteurized product and especially to different levels 
of contaminalioo of the various haim surfaces in handling 
during packaging. 

Chir datai indicate that a JO-min treatment at 121X was 
effective in extending the microbiological stability of pas- 
teurized ham under refrigerated storage. Low storage 
temperatures contribute significantly to safety and stabil- 
ity of cured meat products {1, 7 J 4). Refrigerated storage 
temperatures tend to inhibit growth of spoilage bacteria 
as well as spore germination. An exception has been re* 
ported, however, for Ciosrridium botulinum type E which 
can germinate at temperatures as low as 3.3X (4,6), 
these studies were all done in laboratory mecfia. There 
is a lack of information in the literature regarding germi* 
nation and growth of Bacillus and other Ciosrridium 
species in cured meat products at refrigeration tempera- 
tunes. At this time, it appears that the single most impor- 
tant factor in preserxation of cured meats is the low indi- 
genous spore and heat-resistant cell populations in these 
products (/). None of the samples we examined displayed 
evidence of spoilage. The combination of low storage 
temperature and a low initial spore load along with the 
heat treatment applied to the surface of the hams to elimi- 
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nate surface contaminating micrborganisms led to the ex- 
cellent refrigerated shelf-life observed in the course of 
these studies. 

Table 4 gives results for the inoculated pack experi- 
ment. All of the samples showing evidence of swells 
were found t be positive fw C. spordgenes. The pas- 
teurized hams without additional heat treatnient spbiled 
rapidly. After 30 d in storage 32% of the samples were 

TABLE ] . Experimera I: Numbers of microorganisms oh hams 
are shown. 


swollen and the remainder showed evidence of spoilage 
irt^the form of loss of vacuum r a soft, mushy consis- 
tency. Hams reheated at I21X: for 10 min swelled at a 
slower rate. Only 20% of the samples were spoiled after 
30 d. These resuhs show that the described process (JO) 
cannot yield a shelf-stable product but may have some 
value in retarding the rate of spoilage due to growdi of 
sporogenous organisms. 

stored at J ± rC, Means of three samples plated in dufdicase 


Pisteorized bams 


Hams treated at 121X! 


Month 

Assay 

Side 

End 

Blend 

Side 

End 

Blend 


(cfu/cm*) 

(cfti/g) 

(cfa/an^) 

{cfafarP) 

(cfn/g). 
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• 
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Counts discontinued 
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*cfu m colony fMimng units. 
■** a <30 colony fbrming units. 
*^S=BDo sampk. 


TABLE 2. Expertmem I: Numbers of microorgdmsms on hams stored at 6 ± 7*t. Means cf three san^ plated bi duplicdse 
are shown. 





Passewized hams 



Hams treated at 121*C 




Side 

.... Eiid 

Blend 

Side 

End 

Blend 

. Month 

Assay 

CdWfcm^ 


(cfWg) 

(cfti/dn^ 

(cfu/cro^ 

(cfti/g) 


SPC 32 


• 

• 



'* 


SPC 4 

, ■ ♦ 





«- 


MRS 


• ■ ■ 


* 


♦ 


ENT 


* ' 


« 


.* 

I 

SPC 32 

300 

300 

300 

* • 


♦ 


SPC 4 

100 

300 

100 

■ ♦ 




MRS 

110 

170 

300 

« 




EOT 

<30 

80 

50 

* 



2 

SPC 32 

2.2x10^ 

1.4x10* 

3.1x10* 

* 


* 


SPC 4 

1.5x10* 

4.3X10* 

4.0X10* 



m 


MRS 

2.4x10* 

1.4x10* 

3.0x10* 

* 




ENT 


* 





3 

SPC 32 

>3xi08 

>3xlO« 

>3xlO* 



» 


SPC 4 

1.8xJ0^ 

8.0x10* 

>3xlO' 

* 


• 


MRS 

>3xlO® 

>3xlO^ 

>3xlO® 

* 

» 

♦ 


ENT 


* 


* 



4.5.6 



Counts discontinued 


* 

• 

* 


*cfu= colony forming units, 
^ = <30 colony formiDg unite. 
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TABLE 3. Experiment 2: Numbers of microorganisms observed on hams stored at 6± iX over i2 months. Means of three sampU 
plated in duplicate are shown. 


Month 



Pftsceurized hams 



HaiTtit trcuicu at 12I*C 


Side 

End 

BlemJ 

Skle 

End 


icni fLin / 

(CfwCfD*) 

Idu/g) 

(ctwcm*) 



0 

SPC32 

♦b - 

♦ 

* 

♦ ■ 


* 


SPC 4 

* 

« 


* 


* 


MRS 



♦ 


• •* 

■ * . 


ENT 

« 

m 

« 

• 

* 


1 

SPC 32 

• 

m. 


♦ 




SPC 4 

• 

* 


♦ 




MRS 


* 

♦ 

■ ♦ 


• 


ENT 

■ * . 

m 

■ * 



*. 

2 

SPC 32 

3.0x10* 

3.0x10* 

7.7X10* 

♦ 


* 


SPC 4 


40 

3.0x10(* 

■ * 




MRS 

3.0X 10* 

3.0x10* 

3,4X10* 

* 




ENT 

♦ 

*' 

* 

♦ 

♦ 


3 

SPC 32 

N!5* 



* • 


• . ■ 


SPC 4 

NS 



♦ 


m 


MRS 

NS 



• 


m ■ 


ENT 

NS 



* 

♦ 


4 

SPC 32 

6.0X10* 

7.5x10* 

I.OXIO* 

* 


• 


SPC 4 

NS 

NS 

NS 

* 

♦ 



MRS 

2.0x10* 

5.0x10* 

4.0X10* 





ENT 

» 

« 





5 

SPC 32 

4.0x10* 

I. Ox 10^ 

0 Ay 11^ 

y.v ^ IV 



• 


SPC 4 

.3.0X10* 

4.8x10* 

3.2X10* 


♦ 



MRS 

5.0X 10* 

9.0x10* 

6.0 xlO* 


♦ 



ENT 

• 

♦ 



* 


6,7,8,9.10,12 


Counts discountinued 




• 


= <30 colony fcmniog units. 
^S== no sample. 


■*'ABLE 4. Inoculated pack experiments: cumuiative percentage 
jf samples positive for spoilage due to growth of Qostridmrn 


Days, 

Pasteurized hams 

Hams areated at 121^ 

10 

4 

0 

20 

22 

8 

30 

32 

20 

50 

100 
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According to Kueclc et al. {10), canned ham subjected 
a two-step heating process similar to ours will show 
jess than 2% spoilage after 60 d in storage. In addition, 
it is claimed that storing hams for up to 30 d at tempera- 
niies between 6 and 8**C before exposure to elevated tem- 
peratures will eliminate spoilage problems. Hii$ step is 
believed by the authors {W) to lead to tremendous deple- 
tion in the spore population through germination follow€^^ 
by autolysis because of conditions unfavorable for vcgcta- 
cell growth, and to increased residual nitrite levels 
a result of a slower rate of depletion. The result of 
•'.ese events would be a product in which the relative 
level of nitrite and spores is heavily weighted in favor 
of nitrite. 

Although germination of spores at refrigeration temper- 
atures is known to occur, it cannot be assumed thai all 


spores will germinate during the storage period proposed 
by Kucck et al. {10). In addition, it is unlikely that nitrite 
inhibits all sporeforming nucrocn-gahisnss (/(Q. The suc- 
cess of the process described in this patent (/O) probably 
results from very low im'tial spore popiilations. Our re- 
sults mdicate that if the product is challenged with spores 
of C. sporogenes at a level of 100 per gram of raw cured 
meat, they will grow and extensive spoilage will result 
if ham is exposed to elevated temperatures. 

CONCLUSIONS 

The shelMife of hams pack^ed in retort-pouches and 
subjected to a 10-min treatment at I2i^ is longer than 
hams not subjected to the secondary heat treatment. In- 
oculated pack studies indicate that a process siich as this 
cannot lead to shelf stability and that ham that has not 
been subjected to treatments sufficient to eliminate spores 
of both aerobic and anaerobic microorgansims should be 
refrigerated. 
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Effecis OT Bia^Q,^^^ Vacuum Massacj Time and 

Salt l^eye Chernical, Textural and $ehsbry 
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S. D. SHACKELFORD, J. O. REAGAN, T. F. MANN, C.E. LYON, and M. F. MILLER . 


ABSlilACT- 


he influence oHladc tcnderir^tioij fO, vacuum massage time (2, 3 
fj and salt IcycLtet^ ttjc |;^anical, icxniral, aiid 

ma>iy diaractdris^^'OT;^ prepared from TH- 

br^ii (Till) and Suprp^inatus;i(SU^^ inyesti^ted; 
bbkiing k)sses decreased and ibtal yidds increased witir higher SL, 
tile T increased pitkltict fM ccmthit^^ 

tear. Values for the bind iite (junction between' the^^^ and 
te tdge ;of the roast;' insn^on values for hardne^ and chcwiness of 
te musde tissue were dpacased by I>t9^ lendcroa^ Ser^piy panel 
/aluatioitsluwed ttot-TOJ^M a>nore inti^ and was 

Km tender than $UP, while T:impro^^^irsri^ 

INpWDUCTtON - ' 

HE LONG RANGE SURVIVAL of the beef indiKtry in the 
larketplace may-iv^ell' be dependent; upon the industry's im- 
lediate response an ^determining the present and future de- 
lands. of the consumer and development! of new ;types of 
roducts .that will meet the demands of the consumer. Recent 
hanges'in demographics such as the decrease^ in the average 
umber of persons per household have resulted in. an increased 
eed for smaller cuts of meat (less than 2ylb), Moreover, a 
reater number of households are composed of families where 
oth adults work outside of the home. Thus, there has been 
n increase in the need for (pre(xk)ked) pnxhic^ that rc^d 
ttle preparation within the honic. Aloi^ with these changes, 
it^it ha$ been growth in the pextentage of our society that are 
ealt^ .conscious. Therefore, a demand for products that are 
yw in fat and sodium content has developed. The poultiy 
idustiy has increased per capita consumption try developing 
)w fot, low sodium, health oriented . products iifiat are easy to 
reparc and, thus, more nearly fit the needs of today's con- 
jmer than do the products offered by the beef industry. 
Whole muscles or muscle pieces weighing rhore than 300 g 
in be recombined to form roasts by utilizing additive^ such 
i salt iri combination with blade' teiiderization. Vacuum mas- 
tging and waterbath cooking (Mann et al., 19^7). Booren et 
I. (1991) stated, that blade tenderization is necessary when 
roductng $ectioned and'formed steaks from the le^ tender 
luscles from the beef carcass. Tlierefore, the need exists for 
le development of a precooked beef roast from whole beef 
luscles. The present study >yas conducted to determine the 
Sects of blade tenderization, salt level, vacuum massage time 
.id mu^le type on the chemical, textural and sensory char- 
:teristics of precooked roasts made from whole chuck mus- 


uthors Shackeffofd, Reagan, and Miller are with the Animal & 
airy Science Dept, Livestock & Poultry BIdg., Meats & Muscle 
'ology Section, Univ, of Georgia, Athent, GA 3060Z Author 
fon is with the U$DA-A8S Richard B/ RusseirAgh'cultural Re- 
tarch Center, Athens, GA 30^05, Author Manfn's present ad- 
-ess: Oscar Mayer Co,, P.O. Box 718$, Madison, Wl $3707. 


MATEIUALS & METHODS 

Roast beef preparation . 

Thirty-two Triceps bradiit (TRl) and 32 Siipraspihatu^ (SUP) mus- 
cles were obtained from three piece chdck'^rhbos'^t « commercial 
processing fadlity and then transported approximately 60 km to the 
USDA-ARS Richard B. Russell Agricultural Research Center in Ath- 
ens, GA. The muscles were U'immed practically free of fat and es- 
sentially all connective tissue was removed from the' TRI/ while the 
exterior heavy connective tissue was removed from the Supraspinatu;.. 
One-half of cadi musde type group was .blade tenderized by ivijp 
passes throiigh a fUiss Blade Tehderizer (^ TC700M, Rbss tn-r 
dustries. Inc., Midland, VA) a^nd thish all of the' muscles wcrb ciil in 
half. A solution was prepared (baised on raw. meat weight) containing 
10% added detonized water, 0.5% Roast Beef pump (Blend W-8639 
A. C Legg, Co.« Inc. Birmingham, AL), 0.5% natural beef flavor 
(International Flavors. and Fragrances, Inc., New York,. NY), 6.5% 
Ljem-O-fos (iStauffer Chemical Co.,; Food Ihgrc^lients Divis«on, West- 
port, CT) and either 1.0 or 1.25% of a commercial grade salt de- 
pending upon treatment. The muscles were tumbled either 2 or 3 hr 
in a Rocbermatic TU 120 vacuum massager (Robert Reiser &. Cq^ 
Inc. Canton, MA) at - 0.95 atm pr essure^ Jollowin^ tumblin g, two 
halves of each mi^scle type were_glj 



^ basts weren 

Wi^ l^ water bath ana neto lor a period of time according to the 
following schedule: <1100g— 20 min; 1100-1200g— 25 min; 
>120qg~3b min. Roasts werj^t^weduy^jyo 
hr post-cooking and then the^^S^^^B^B^^^^H Roajst Beef 
Rub (Blend W-8640 A.< C. Wg^KS^SSFBSIMgZn,^^^ 
aoolied to th 



_ s roasts^ 

_ »±rt; for a maxjm&m of 180 d until 

utnizeu^lPor further analysis. Two rodsts of each treatment muscle 
combination were prepared. One roast was used for proximate^ anal-i 
yses, salt and objective texture determination while the other roast 
was utilized for sensory paniel evaluation. 


Sensory analysis 

A total of 15 people were screened for their ability to recognize 
differences between roast samples by triangle testing according to the 
procedure of Cross ct al. (1978): Slices of roasts that had been stored 
at - 34 ± VC were used for screening. A total of 1 1 pdople, who were 
able to recognize like samples during triangle testing, were accepted 
for training. 

Seven training sessions (30 mln/sesston) were held in which pahel- 
ists were served slices frbm a variety of roasts to familiarize them 
with a wide range of sensoiy characteristics. These ihduded roasts of 
the two muscle types of all eight treatments. Roasts were sliced, wrapped 
in aluminum foil and held overnight in a 1.7*C cooler. Samples were 
reheated in a commercial microwave oven prior to serving. Samples 
were scored on a 1 to 8 point scale for initial juiciness, sustained 
juiciness, first impression tenderness, overall tenderness and flavor 
intensity (1 » extremely diy, tough or bland, 8 = extremely juicy^ 
tender or intense). In addition, panel members indicated whether or 
not they detected any off flavors. 

Roasts were removed from vacuum packages and 2.54 mm thick 
slices were cut from the center portion of each roast until 8 to 12 
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slices were obtained. These slices were cut in half fay cutting through 
the bind line of each slice. Then each portion was trimmed to provide 
4 to 6 equal sized pieces per half slice. During screening and training 
sessions, plates of each sample were heated in a Litton microwave 
oven set at 30% power for 1^ min. Training sessions were concluded 
when panelists vecrc m close agjre«^ raw scores did 

not vary more than ± 1 from mean raw score and all pane*lists agreed, 
they were comfortable with the scoring 

Panelists sampled two replications of two muscle types of the pight 
treatment combmations. In order to' elimiriate mu^e effects, roasts 
prepared from the TRl were sampled in the morning sessions and 
roasts prepared from the SUP were sampled in the afternoon session. 
Panelists were given a maximum of six samples per sission. Thus, 
there was a total of six sessions. 

Panelists sat m booths in an isolated room free of distractions. Green 
fluorescent lighting was4ised to provide a. greenish cast in the room. 
Panelists were instructed to drink room temperature water and apple 
juice to cleanse the palate between samples. Samples were reheated 

in a;miCTOwave jOfven for 15 i6 45 sec (depending on plate load 

—one to three plates) and served on paper plates with randomly as- 
signed code ntmibeis. 

Proximate composhipii . 

Values for moisturcf, fat (ether extractable component) and protein 
(kjeldahl nitrogen) were determined using standard AOAC (1980) 
procedures. All detenhinations were performed in duplicate. 

Caloric content 

Caloric content per 85g serving was esthnated by the equation: [{% 
Fat ♦ 9.45) + {% Protein • 5.65)) * [0.85125). 


Salt 

Salt analysts as chlorine was performed in duplicate by the Volhardt 
volumetric procedure for chlorine, a modified AOAC (1980) method. 
The modification involved the. substitution of potassium thiocyanate 
for ammonium thiocyanate. 


Yield 

Pump yield was determined as the weight of the pumped muscle 
divided by the weight of the raw muscle. Cook \oss was determined 
as the difference between the weight of the pumped muscle and the 
weight of the cooked roasts divided by the weight of the pumped 
muscle. Total yield was determined as the weight of the cooked roast 
divided by the weight of the raw muscle: 

Objective texture measurements 

Slices approxhnately 2.54 cm thick were obtained from the center 
of each roast and were thawed overnight at 1,7± 1*C- The method of 
Bouton et al. (1971) was used to obtain d>jective texture measure- 
ments. An Instron Model 1122 equipped with a Microcon computer 
(Instron Corp., Canton, MA) connected to a 100 kg compression load 
cell and a 0.95 cm diameter flat ended stainless steel plunger was 
used to vertically cornpress (with the gram) the beef samples to exactly 
80% of the original height of the muscles. Test conditions included: 
a full scale load of 10 kg, a crosshead speed of 20 mm/min, and a 
chart speed of 50nrai/mhi. Two compressions were performed in each 
test location. Attributes ineasured included hardness (maximum force 
in kg required for initial compression), cohesiveness (ratio of the ac- 
tive work done under the second compression curve to that done under 
the first compression curve) and chewiness (hardness * cohesiveness). 
In order to determine the binding strength between the two pieces of 
muscle in each roast,- two types of measurement, were obtained: Bind 
Lin£— those measurements taken along the muscle junction; or Muscle 
7Zsm^— those measurements taken away from the bind line m the 
center of each muscle piece. Each measurement was done in triplicate. 

Wamer-Bratzler shear values were detennined on six cores (1.27 
cm in diameter) obtained from a 2.54 cm thick slice removed from 
the center of each roast. Three of the cores were taken at the bind 
line site and three additional cores were obtained hnmediatety adjacent 
to the edge of each slice. 


Statistical analysis 

The data were analyzed as a frmction of four main effects (muscle 
type, blade tenderization, salt level and vacuum massage time) and 
all possible two-way interactions fay the General Linear Models Pro- 
cedure of the Statistical Analysis System (1986). When a main effect 
ot'ihteracti^n was significant, means were separaiied by a comparison 
of least-squares means. The predetermined level of significance of P 
< 0.05 was iised for all oomptarisons. . 


RESULTS & DISCUSSION 

AS SALT LEVEL (SL) inCTeased, protein content decreased 
due to the dilutiori of the protein content caused by the greater 
water-retaining abtli^ of the higher SL roasts. SL did not 
affect any of the other proximate parameters. This is in partial 
agreement with the work of Hamm (1970) that showed that 
when salt level increas^» water-holding capacity increased 
and protein and fat content decreased. Blade tenderization (T) 
increased fat content but did not affect moisture or protein 
content. Although there were no main effects of vacuum masr 
sage time (VMT) and muscle type (MT) on any of the proxi- 
mate parameters, they did interact with one another to affect 
the fat content of the roasts. As VMT was inoeased, Ae fat 
content of roasts prepared from TRI decreased while an op- 
posite effect was seen in SUP (Table 1).' A possible explanation 
of this interaction is that TIU muscles were higher in fat content 
and lower in protein content prior to vacuum massaging, but 
after extended vacuum massaging, TRl muscles could not bind 
as much of the fat which was excised during massaging be- 
cause of their lower initial protein content. The proximate com- 
position, caloric content and sah content of the roasts as affected 
by treatment combination are given in Table 2. Mean com- 
position of the roasts across all treatment combinations-was; 
73.08% moisture, 2.35% fat, 21.63% protein, 122.9 CAL/85g 
serving and 1.2% salt. 
SL was the only factor to affect salt content of the roasts as 


Taiffe i -/(tteractton of yacuum massage time and musch type on per- 
cent fat content* of tfte roasts . ' . ■ ■ 


VMT* 

Triceps Brachii 

Suprasptnatus 

2hr 

2.0* 


3hr 

1^ 

2.6*« 

■ Standsrd «rror of the m 

Man it 6x 


^ VMT Is vacuum massa( 

je time. 


^ M6sns bMring diffsrei 

Rt'supsrecfipts tn siQniacJntly dSUft 

rant (P < 0.05). 


Tabfe 2 '-Least-squares means of proximate composition as effected 
treatment* . ' 


Treatment** Motsture Fat Protein r Cal/8Sq Salt 


T 

SL 

VMT 

MT 

(%l 

(%) 

(%) 



1 

1 

1 

1 

71.0 

3.2 

22.2 

132.2 

1.0 


1 

1 

2 

73.5 

2.5 

21.3 

122.0 

1.1 


1 

2 

1 

74.3 

2.1 

22.7 

126.0 

1.0 


1 

2 

2 

71.9 

3.6 

22.1 

135.3 

1.1 


2 

1 

1 

72.3 

3.3 

21.8 

131.2 

1.2 


2 

1 

2 

73,4 

2.1 

22.0 

122.5 

1.4. 


2 

2 

1 

74.0 

2.9 

20.3 

120.4 

1.5 


2 

2 

2 

74.0 

2.6 

20.6 

119.8 

1.4 

2 

1 

1 

1 

72.9 

2.5 

215 

123.4 

1.0 

2 

1 

1 

2 

71.9 


22.7 

119.2 

1.0 

2 

1 

2 

1 

72.5 

2.2 

22.6 

125.9 

1.0 

2 

1 

2 

2 

74.1 

1.8 

21.4 

117.3 

1.1 

2 

2 

1 

1 

72.3 

2.4 

20.7 

119.0 

1.2 

2 

2 

1 

2 

73.7 

1.2 

21.3 

112.0 

1.4 

2 

2 

2 

1 

72.8 

2.0 

22.0 

121.5 

1.2 

2 

2 

2 

2 

74.7 

2.0 

21J 

118.6 

1.2 

SEM« 




1.1 

0.7 

0.5 

7.4 

0.1 


• Moisture, fat. prot^ caloric and aalt content were noi si^niBcantty different ecrosa 
all treatment combinations (P > OlOS). 

* T - Tenderization 0 - t ender ii ed, 2 - non te nder te ed) 
SL - Added salt level (1 - 1.0%. 2 - 1.25%! 

VMT • Vacuum massaoe tinte (1 * 2 hr. 2 « 3 hr) 
MT - Muscle type (t - Triceps brachH. 2 • Supraapinstus) 
c SEM is ttte standard error of ttie mearu 


y ' 

\ht high SL roasts had a greater salt content than the !ow SL 
roasts. None of the main effects or two-way interactions af- 
fected pump yiel<l. All of the punip solution was absqrtjcd by 
each treatnicnt cbihbihation dunng tumbling, TTicitfoie; thfere 
was no variation in pump yield between ^^eatment c^ 
tiops. Higher SL resulted in decreased cooking losses and in- 
creased total yields. The relationship of SL to yield has been 
reported by numerous researchers in many types of.prpocsscd : 
meats including the work of Mann (1987) which showed that 
recombincd beef roasts increased significantly in yield as salt 
level was increased from 0 to 1.0%. The increased yields as- 
sociated with added salt are mainly due to. th^ decreases in 
cooking losses affected by the greater water holding rO^pacity 
of products high in salt content (Schwartz and Mandigo, 1975; 
Pepper and Schmidt, 1975; Mandigo, 1982; Brewer el al., 
1984; Coidray and Huf&nan, 1984; Ghow et al., 1986; Lamkey 
etaL, 1986). 

Tenderization decreased hardness of the bindtline and the 
muscle tissue, increased cohesiveness of the bind-linc and in- 
creased, chcwiness of the muscle tissue (Table 3)^ Wamer- 
Bratzler shear values for the bihd-line and the edge of Ihe roasts 
were deaeaiscd by blade tenderization (Table 4). These daU 
coindde with the date of Lyon et al. (1983) which showed that 
mean shear force values were generally lowered by blade ten- 
derization. This is evidence of the physical disruption of the 
muscle fibers and the muscle connective tissue caused by blade 
tenderization.. T could have allowed for a greater hydration of 
muscle fibers, therefore, increasing muscle tenderness^ T.and 
MT interacted to effect Wamer-Bratzler shear values for the 
btnd-line (Table 5). Roasts prepared from nontenderized, SUP 
muscles had higher shear values for the bind than did roasts 
prepared from nontenderized, TRl muscles. Roasts made from 
tenderized muscles of either MT were equal in their shear 
values for the bind-iiiic; This is evidence of the role of blade 
tenderization in decreasing the effects of cbnnective tissue. 
Flores et al. (1986) showed that although blade tenderization 
was not as effective as trimming of connective tissue in. re- 
moving the effects of connective tissue in precooked roasts, it 


Table 3 - Influence of blade tenderization on objective texture parameters 


Bind line 
Hardness (kg) 
Cohestveness 
Chewiness (kg) 

Musdo tls^e 
Hardhiess (kg) 
Coheslvehess 

CheWiness (kg) 

• SEM to the ttandvd error of the mean: 

*B Means tn the aame fom beerinb different superscripts ere signifk»ntiy 
<0.05). 


Table 4~lnffuence of blade tenderization oh Wamer-Bratzfer shear vah 

ues* ' - • ■ " 

Tenderized , Nontenderteed SEM" 


Tenderized 

Nofitenderized 

SEM* 

3.2» 

Id* 

0.2 

0.63* 

0.S1" ' 

0.01 

1.7 

1.9 

0.1 

4.7» 

5.7* 

0.2 

0.55 

0.55 

0.01 

23* 

ao* 

0.2 


Bind line 
Edge of roast 


1.2" 
1,9« 


2.0* 
2.4* 


0.1 
0:1 


• Values are reported In Itg -force- 
i> SEM to the -standard error of the mean. 
. *« Means In the ttme row bearing different superscripts are signmcantty <fifferent ( 

<0.05). 


Table 5- Interaction of blade tenderization and rnuscle type ort Warner- 


Bratz/er shear values* of the bind^ine 

Tenderized 

Nontenderized 

Triceps brachii 13^ 
Supraspirtatus 1.1' 

1.7* 
... 2.4* 

• Values are reported In kg force. The stsndard error of the 
Aec Means in the eame row tearing drfferant superscripts 

(P < 0.06). 

mean Is 0 J. 

are tfgnificsndy differant 


was a viable alternative to trimming for some restructured 
(mxlucts, as it is less labor intensive and results in higher 
yields. T also interacted with yMT to affect shear values f r 
thc^ind-liric (Table 6), f had a gnfcater effect on decreasing 
the Warner-Bratzter shear yaluM-t^^ bind of roasts that had 
been massaged for 2 hr tliah those that had been massaged for 
3hr, 

TRl had a mpre intense. beef flavor and were more tender 
than SUP (table 7). Paterson and Parrish (1986) sound similar 
differences in tenderness when comparing the same two mus- 
cles. T increased panel scores for initial tenderness but did hot 
affect overall tenderness. There weie no differences among 
SL*s and VMTs for any of the seiwpry parameters. However, 
VMT interacted with SL to effect overall tenderness. Low SL 
treatments were more tender if VNTp was increased, but roasts 
made from high SL were found to be more tender if VMT was 
decreased. Salt and vacuum massaging are both known to play 
a role in the solubilizing of salt soluble proteins; When an 
overabundance of salt-sohible proteins are solubilized, a rub- 
beiy bind results between the two muscle pieces which results 
in roasts that ate very tough and chewy. 

This value-addied produ^, which mdkcs use of chuck rniis- 
cles, a relatively cheap source of raw materials, is more than 
97% fat-free, contains less than 130 calories per 85g serving 
and has a nriuscle fiber alignment similar to that seen in whole 
cuts of meat. These factors combine to make this product de- 
sirable to the consumer and, thus, this product should be read- 
ily accepted in the retail case as well ias in the hotel, restaurant 
and institutional trade. 


CON!CLUSION 

TRICEPS BRACSill muscles were more suitable for use in 
whole muscle restructured roast beefproducts due to the lower 
cooking losses, more intense beef iflayor and greater tender- 
ness. However, Supraspinatus muscles were acceptable for use 
in this type of value-added, produbt wteh blade tenderized^ 
Although, hoiitenderizcd products were not as tender as ten- 
derized roaists, both were within an acceptable range of teii- 
demess. Higher yields and lower cooking losses were achieved 
by increasing die level pf added saltj but tjiis came at the 
sacrifice of increasing the level pif sodium in the product. Al- 
though there were no significant ihsiih effects of vacuum mas- 
sage time (VMT), VMT was fownd to interact with salt levels 
to affect tenderness. As the amount of salt added to product is 
increased, the length of VMT should be decreased to achieve 
greater tenderness. -0?tmued P^9^ ^ 


Table 6-lnteraction of blade tenderizMion and vacuum mtiss^ time 


on Wamer-Bratzler shear values* of the bind line 

VMT 

.Tenderized * 

'■■ N6nter>derized 

2hr 
3hr 

1.1C 

••-•■■'.2.4* 
1.^ 

• Values ere reported In kg force. The standard error of the mc 
Aec Mem beering different auperscripts are^ieniGcantty diffet 

tan to 0.2. ' 
rem(P < 0.06). 

TaWe T-Least-squares^means i^sertSory parcel scores* as influenced by 
muscle source. 

Muscle source 

[. Initial Overall Flavor 
tenderness tefuterrtess intensity 

Triceps brachii 
Supraspinatus 

e;©* 03* 

5:9» 5.8» 

0.1 0.1 

6.0* 
5.7« 
0.1 

• Scored on an eight point scale. 1 - extremehr tough pr fatencl 

, 8 * ejctremely tender 

0 SEM to the startde 
*• Maans In the aan 

rd error of .the meen. 

w column beering different auperscrfpcs m 

re sigtUficsntV different 


(P < 0.06). 
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CONCLUSION 

THERMORADIATION was an effective means for producing 
a Salmonella-fret LWE product and showed ^t promise for 
yielding a sterile product The Salmonella inactivation oc- 
curred at a faster rate^ when using higher temperatures, lower, 
initial cell numbers and lower pH values, indicating fhat ma- 
nipulation of these (Sramctcrs combined with aseptit ipadc- 
aging might produce a product stable at ambient temperatures. 
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ABSTRACT 

Ptccookcd beef loin chunlcs were inoculaicd ycpunttely with 
three strains - of £.i.v/«na monocyrogettes (Scoct A, lOlM, and 
103M). Uninocuiated chunks served as coniroU. AH chunlcx were 
cucuum pHckagctl after inoculaiion. Half were not pasteurized and 
half were paiiieurtzed m R5'C water for 16 mtn.'AtI Mmples were 
>iorcd at 4''C for up lo 85 d and examined periodically. Pasteur- 
ization reduced all micronora and Rigniricantly reduced popula- 
tions of three strains of L monocytogenes on the surface and in 
the broth of the precooked beef chunks for 85 d of rcfrigcrmtcd 
storage as determined by direct plating procedures. All three 
ylTjins of L, monocytogenes were recovered from ihe inucutated 
pasteurized beef usinj enrichmeni. Uninocuiated chunks were 
positive for Listeria spp. which were primiirily Listeria wehhimeri. 
Wirhout pasteurization, mlcrotlora increased 5* to 6*fold within 
14 d of biomgc. Populations of Scou A and 10 IM i^imins of L 
mctniicyiogenes increased significantly within 7 d. After 14 d. 
populations of all three strains did not differ from initial levels 
and remained unchanged for ihc remainder of Che storage period. 

Listeiia monocytogenes and other Listeria spp. arc 
commonly isolated from frcsh and cooked meat. Brackett 
\4) reported that 70% of the ^ound beef io the United 
States was contaminated with. L. monocytogenes. Others 
have reported levels of 58% (25) and 77.3% (/J). A survey 
done by Crau and Vanderitnde (76) indicated that 53% of 
175- vacuum-packaged, ready-to-eat meat samples contained 
Listeria spp. In another siudy. sliced precooked beef con- 
tained L mnnocyjogenes at a level of LO x 10* CFU/g (20). 
Listeria spp. were iuuiiii in 13-J0% of a wide variety of 
re3dy*to-tfat meui^ sampled In Europe and Canada {18^, 

Boyle et al. (i) concluded that L monocytogenes can 
survive cooking to 70*C and refrigerated storage for 48 h 
when the initial cell concentration is greater than lO' 
CFU/g. According to Bhoduri et al. (2). exposure to 65 -SX 
for 1-2 min should be sufficient for the destruction Of L 
monocytogenes. Mackey nmJ Bratchclt (22) suggested that 
L mpiwcytoj^enes was more heat resistant in meat than 
dairy products due to the luwer water activity and protec- 
tive effect of fat in meat. 

Postprocess handling is considered t be the primary 
caujte of contamination in precooked meat items. Since the 

'Present addreys: PdCkSK^'iH TechnoUi^y, i;ni\cr**i;y of Wi$coniin-Stoul. 
MentMiwnic. Wl 54751. 


U.S. Department of Agriculture (USDA) issued a zero 
tolerance policy for ready-to-^ai meats, scveraJ ways to 
reduce* the incidence o( Listeria in rneat have been sug- 
gested. These include implemeniation of HACCP (Hazard 
Analysis at Critical Control Points), use of anu&gonistic 
lactic acid bacteria, antimicrobial agents, and postpackaging 
pasteurization (I2J4,2S), 

Although there are rtports of L monocytogenes in 
hcat-uieated meats, most deal with fully cooked whole 
muscles. There is linJe information on portioned, pre- 
cooked pasteurized meat The objectives of this experiment 
were to determine the effect of postpackaging pasteuriza- 
tion and refrigerated storage has on the presence and 
growth of three different .strains of L monocytogenes in 
precooked vacuuni-packaged beef loin chunks. In addition, 
indigenous Usteria 5pp. and microflora were identified. 

MATCAJ.\LS AMD .METHODS 

Processing procedure 

Three USDA beef strip loins TMPS ISO (2J), ranging in 
weight from 5.5-6.4 kg. were obtained through a local commercial 
source. The shipping packages were removed, and the strip loins 
were trimmed of all subcutaneous fat before vacuum sealing 
(Koch Multivac AGW, Kansas City. MO) in CN 530 cook*in bags 
^cryovac Div.. W. R. Grace. Duncan. SO. The packaged meat 
was precooked in a steam jacketed kettle (Market Forge MT40, 
Evcreit, MA) «et at S2"C to an intenud tempemture of 60*C (2 b 
cooking tlnte). After precooking, the strip loins were removed 
from the steam kettle unj cooled In ice to 4*C. The strip loins 
were removed from the vacuum package and cut into 25-cm thick 
steaks and further divided into .hunks (50*^). 

Precooked beef loin chunks ^ere randomly assigned to 
of four ueain^nt groups (Fig. 1). Group I was uninocuiated and 
served as the control. Group 2 was Inoculated with L monocyto- 
genes Scott A strain. Group 3 was inoculated with L. monocyto- 
genes 10 1 M. and group 4 was inoculated with L ntonpcytogmes 
103M. After inoculation, chunks were individually vacuum pack- 
aged in CN 530 bags and vacuum sen led using a Reiser Model 
VM-Tl I (OncsbrOck. Germany) vucuum-packaging machine. The 
moculation procedure is described in a laur section. 

Each treatment grmip was subdivided into pasteurization or 
nonpasicurizaiion treatmcnu. The nonpasteurizcd meat was im- 
mediately placed in a refrigeraicJ retail display case (Hill Rcfrig- 
er?ition Co., Model LMN 12TC, Los Angeles. CA) that main- 
tained a icmpcraiure oi J^C. For pasTC*Jrization, meat was sub- 
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merged in water contaiMd in a «eam jacketed kenle set it B2»C 
l^^'li!^." ^' rr-.- ious «x)rk done in our laboratoiy 

{JO). The miema] lemperBmre of the chunks Kiichcd 60;C. After 
paneuriiaiion, the chunks were cooJed in Ice and ptattd in 
refrigerated Kora^ With the nnnpstleurized meiii. SampJej from 
all ueauneni groups were taken after 0. 7. >4. 28, 45. 65. and 85 
n of tiorage. Three i>eplicate expcrimenu were Coinpieted. 

To monitor the teiiipeianjie of the chunks during pMteuiiia. 
lion, three uninocuJaied beef chunks had thennocouplej insened 
through Jill/Ting bo«cs (EckJund- Harrison Tech. Opc Comil 
FL) into the center and onto the exterior of the meal. The same 
chunks were placed in the Kiaii display case to monitor the case 
icmperaiurc during norage. Thermocouples were attached to a 
datalogger (OM440. Omega Engineeiing Inc.. Stamford. CT) to 
record the temperature eveiy 2 min during pasteurization and 
cooling. The beef chunks thai were used to monitor lempeiaiure 
were not used for mlcrobiotogicar analysis. 

Jnpeuhiion procedure 

The Scon A strain of L mvnoeytogenes was obtained from 
Dt. Scon Martin (University of Illinois ti Urbaoa-Champaign) L 
monocyipgentt strains (sausage isolates) lOlM and 103M were 
obutined from Dr. Michael Doyle (University of Georgia) All L 
flionocyio^ene, cultures were grown and stored in tiypiie »« 
broth (Difeo. Detroit, Ml) supplemented with 0.6* yeast exiiacL 
Cells Were grown to mid-log phase and diluted in O.I« peptone 
bu/Tcr to obtain an inoculum of lO" CFU/ml. Meat chunks were 
individuflljy inoculated by placing them in sterile bags containing 
50 ml of inoculum for 15 min on a shaking table. The chunks 
were removed from the inoculum using sterile furceps and placed 
in indindual CN 530 cpok-in bags and vacuum sealed. 

Ueniificatioit and enumeration 

The surface of the chunks was sampled using a sterile swab 
and aluminum foU template (3 en x 3 cm). The broth (purge 
remaining in the package) was sampled using a sterile pipoL 
Suri^Bce swab samples of the uncooked loin roasts were done to 
obtain baseline microflora levels prior to precooking. 

Two methods, direct plating and enrichment, weit used for 
isolation f L mimocyiogenes obtained from the surface and hrod> 
samples. Direct plating using modified Vogd-Johnson agar (S) 
^'lowcd reeovcI^ of uninjured cells of L monocvwKenes from 
iinoculaicd and inocubited chunks. Results are reponed as 
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ZiZ^, "rface samples and log^l f« br«h sample. „f 

«n ..^ IT'" ''""^"^ ^ sample. 

Iwed reto'lir:?!? ^^'^^^ 
auowed twoveiy of injured L monccyiogenes. Although other 

med.. m now recommended for resuscitating injured cells (« 
Untvei^tty of Vemoni medium was considered superior to 
72Z^^ "-^weyiogcne, from cooked meat products at the 
time this study »-ai initiated (J,7). Because the repair of cells in 
Mjnchment broth allowed ceils to increase in number and exceed 
•he original level of cells present, ihe results were reponed as 
pwiuvc or negative for the presence oi Unerio spp. after enrieh- 

Positive colonies (five per plate) obtained fit,m modiHed 
vogel-Johnson agar plates of uninoculatcd meat samples were 
used to Identify the soecics oi Listeria (7J). A total of 35 isolates 
were chosen, three did not survive isolation on tryptic so» .ear 
with >Ta.': .-xu-aa (TSA-YE) plates. Of the 33 isolate, selected L 
connrmaUoo. eight were from the uncookod strip loins and 24 
were from uninoculated, precooked, and pasieuriied beef loin 
chunks. Cram stains, cauilase and cartjohydrate fermentation (dex- 
trose, cseulin. maltose, rhamnose, mannitol. und xylose). moiiUtv 
««ct.ons to methyl redA/oges-Proskauer and triple sugar iron 
slants were done according to the procedures described by Lov«t 

!l?n. T^S'"'. '^t"" hemolytic Ireaetio: 

using TSA plates supplemented with 5* sheep blood (BBL. 
Bocton DiekiiLon and Co.. Coekeysville. MD). The TSa sheoi, 
blood agar plates were also used for the CAMf test. 
.... , "^^^ ^"y'^' »y Wfco. Detreii. Ml) was used for the 
total aerobic and total anaerobic plate counts for uninooilaicd 
chunks. Aerobic plates were incubated at 35»C for 48 h. Anaero- 
bic plates were placed in a chamber Hushed with 80% N 1S<R 
CO, and 5% H, and incubated at 35»C for 48 h. Aerol^ «,<! 
anaerobic isolates (at least five per set of duplicate phtcs) were 
selected after incubation and chosen based on c-blony color 
opacity form, elevation, and matgiD (/). Colonics wen ftinhe^ 
screened using caulase tesu and Gram stains. Isolates were 
^ffcaked onto TSA slams, incubated at 35-C for 48 h. and used for 
fijnher eonfirmatory tests. A Miniiek Diflerentiaiten System Anaer- 
obe II kit (Becion Dickinson and Co.) and the Enicrenibe U 
system (Roche Diagnostic Systems. Moniclair. NJ) were used to 
tentaUvcly idenUfy indigenous bacteria. Other conrirmalory tesu 
were done depending on the resulu of teniaUve identification tests 
(catalase. Oram stain, oxidase and carbohydrate fcrmeniauon) and 
the recommendations listed in Bergey's Manual (fP). 

Statixtiei 

Independent T icsu were calculated to compare the microbial 
populations of pasieuri»cd to nonpasieuriied chunks at each day 
of storage. Comparisons were also made to determine the signifi. 
cance m population change over time using T icsu. Data were 
convened to natuis] log to stabilize the variances. 

RESU1.TS AND DISCUSSION 

Inoculated strains of L. monoeytogenes 

Pasteurization decreased (P < 0.05) the populaUoa 
(Fig. 2) of L monoeytofienes Scott A. JOJM, and 103M oo 
the surface und in the broth of precooked beef loin chunks 
coinpared lo nonp«ieurized chunks. This difference was 
mainuined for 85 d of refrigerated storage (using direct 
plating). Overall, pasteurization reduced (P < b.OS) the 
levels of L monocytonenes by 10.000-foid on the surface 
and 1.000.000-fold in the broth. Populations for pasteurized 
meat remained unchanged during the 85 d of refrigerated 
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L MONOCrroCENES 

essentially unchanged whiJc micronora increased in fresh 

al. (6) reporied survival, bui not growih, in fresh eround 

CFU/g) cooked beef roasts with a 5-strain muiure f L 
«^«ocj./j,^,„„ thai included Scou A. lOJM. and 103M 

level of Z. mono,rnsenes that was prejcnt initially. 

Aerobic and anaerobic indigenous microflora 

Pasteurized beef loin chunks had lower (P <: 0 05) 
aerobic and anaerobic microbial counts on the surface and 
in ihe broth compared to nonpasieurited chunks during 0 to 
85 d of rerrigerated storage fFig. 3a and bj. Pasteurization 
reduced Che population of all indigenous m\ctof\oT» to 
undetectable levels «30 CFU/inl or cm') 

Populatioiis of total aerobic and anaerobic micmf»r.n. 

and brorh) after / o of storage. Another increase (P c 0 OS) 
nccurred hcween the 7 and 14lh d of storage. After K d. 
the level of microHbra on the surface and in the broth 
(aer bir and anaerobic) did not change (P > 0.05) 

The indigenous micronora consisted of a mixture of 
baciena rnom the following families: LaaobacUlaceae r6-»%) 
Sneptococcoccae (27%) ««i Emerobaaeriaceae (\\%) 

was not possible due to inconsistent results of specific 
carbohydfBie fermentation reacrions. Three species of the 
En,erohacrcrU,ccae family were identified as H^„a alyei, 
Eschenchu. blana. and Cltrohaaer freundii and were 5 5 
i; r.K r^'**" toul micronora. respectively. Accord- 
ng 10 the confirmatory tests and the results of the Minllek 
Streptococcus intermedins falso known as S. mil/eri) 
*as the specific species from the family Strepiococcaceae 
present in the meat. 

nie same microflora wen also isolated from the strip 
I .n pnor to precooking. The mean aerobic and anaerobic 
plaie counts of the uncooked strip loins were 5.67 and 5 58 
'"Bi^car. respectively. 


W PASTeURIZED BEEF 
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Indigenous Listeria spp. 

Pasteurirauon completely eliminated indigenous Usi- 
spp when , direct plating technique was used (Fig 4) 
S^.st.c«ny there was no significant difference between 
Ae levels of spp. for nonpas.eurized and pasteur- 

itcdh^f lom chunks. In addition, there was no change (P 
> 0.05) in population over time. From a praciical view, 
point, the pasteurized meat would have been more desirable 
b««use « h,d a lower Ustcria spp. population which 
reduced the chance of L monocy togenes bdng present. Tn 
aad«.on. the levels of Usteria spp. i„ .he broth welS 
mcreasmg toward the end of .he s.orege period (2.59 log./ 
ml 83 d) and were similar to the population present afe 
7 d of storage (2.86 log^yml). i- cr 

When an enrichment procedure was used. Usteria spp 
-survived pasteurization in all precooked b ef chunks. All 
uninoculated meat .«mp!cs «ere positive for Usteria spp. 
(data not «h w„). Prejiminan' data obtained using a 3-tube 

at <I00 WPN/cm- or ml in pasteurized be.. ;.;;, chunks L 
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>ncnocy,ogenes was pre..cr.T at le^c.^. o.' cJO CFU/e i„ 4 5% 
of the 50 beef roasts sampled (16). * 

The iiuJIgenous Usierio $pp. wc« Identified as Usteria 
J^^W.a^^^„eW. i.ono.ii. T^e majority 

iere 2 rr ^ None 0/ the ZZs 

were Identified as I. monocytogenes. L y^lsMmeri a«I L 
mnoc,u> were isolated from one beef by Johnson et .1 
i%resh I ^ '^"ocytogeru.s was present t 

82% of fresh me., samples containing multiple specie, of 
Ustena. L mnocua was detected in 55% of the fresh mcM 

wc e used for confirmation for L monocytogenes. 19 were 
mnocua and 1 was £. monocytogenes. 

CONCLUSIONS 
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Postpackagmg. pasteurization effectively eliminated 
three L monocytogenes simins. indigenous Usteria spo 
and miCTonoia i„ precooked packaged beef chunks m 
measured by direct plating procedures. Heai.jn|ured Usi- 
fria spp and inoculated L monocytogenes were recovered 
m enrichment broth from pasteurized .samples. However 
preliminao^ studies indicated that the levels were very low' 
Nonp«,eorized beef loin chunks contained high l^Tel, o^ 
aerobic and anaerobic microflora aficr 14 d of refrigerated 
iionsc. I, monocytogenes survix«d in nonpastcuriied chunks 
Dui did not increase in population throughout 85 d of 
refrigcnued storage. "J h 01 
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Food preservation by combined methods 


L. Leistner 

Institute for Microbhiogy, Toxicohgy and Histology of the Fetkral Centre for Meat Research, D^650 Kuimbach, Germany 


Foods preserved by combined methods remain stable aiid safe even without re- 
frigeratioo, and are high in sensory and nutritive properties due to the gentle 
processes applied. The concept is gaining ground in industrialized as well as in 
developing countries. Several topics will be discussed briefly: (I) water activity, 
(2) hurdle effect, (3) hurdle technology (4) shelf stable products, (5) intermediate 
moisture foods, and (6) perspectives. 

Keywords: combined methods, hurdle technology, shelf stable products, inter- 
mediate moisture food, water activity. 


I WATER ACTIVITY AND FOOD 
PRESERVATION 

As is well known, tt^ stability and safety of food 
does improve if the water activity (a») of the pro- 
ducts decreases. Common methods for decreasing 
the of foods are drying, addition of salt, sugar or 
polyols, and freezing. The of foods influoices the 
multiplication, metabolic activity, resistance and sur- 
vival of the organimis preset (Ldstner el aL^ 1981). 

If we want to intelligently influence the of 
foods, we have to know it. The of foods may be 
cafculated by employing equiations TChirife et a/., 
1980) or it is measured using suitable instruments. 
Several reliable instruments are today available, 
which measure by applying diflerent prihdptes. 
We devised several years ago a simple hair hygro- 
meter made by Luffl (Stuttgart, Germany) which is 
reasonably priced and works quite well, if handled 
with care (Rddel et al, 1975). Widely used are elec- 
tric hygrometers made by Novasina or Rotronic 
(both ZOrich, Switzerland), for measuring the 
of foods (Rddel e/ a/., 1979), these are more pre- 
cise, but also more expensive. Recently our lab- 

This is an introductory lecture to a symposium on 'Food 
Preservation by Combined Methods* held at the Annual 
Meeting of the Institute of Food Technologists, Dallas. 
TcxasJ-5 June, 1991. 
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oratory has introduced a new instrument for the 
accurate and quick measurenoent oi in meats, 
which is based on the determination of the freez- 
ing point (Rddel et al,, 1989). It is remarkable, that 
with this instrument made by Nagy (Filderstadt, 
Germany) an measurement is done in about 
15 min, and the same instrument can be employed 
for determining; temperature, relative humidity, 
pH and redox potential, .of course, by using differ- 
ent sensors. Such multipurpose instruments are ap* 
pfopriate for quality assurance in food processing. 

The stability and safety of many foods is not 
based soley on a^, but on the combined effects of 
several factors. Therefore, the a» of foods should 
always be viewed in relation to other inherent fac- 
tors, and this is the topic of this paper. The mode 
of action of the combined factors used in food 
preservation should be studied, since they could 
have an additive or even synergistic effect. 


2 HURDLE EFFECT AND FOOD STABILITY 

The hurdle effect is an illustration of the fact that 
in most foods several factors (hurdles) contribute 
to stability and safety. This hurdle effect is of fun- 
damental importance for the preservation of food, 
since the hurdles in a stable product control micro- 
bial spoilage and food poisoning as well as the 
desirable fermentation. 
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There are many processes used for making foods 
stable and safe, e.g. heating, chilling, freezing, freeze 
drying, drying, curing, salting, sugar-additiort, acidi- 
fication, fermentation, smoking or oxygen removal. 
However, these many processes are based on rela- 
tively few parameters or hurdles, i.e. high temper- 
ature (F value), low temperature (/ value), aw* pH, 
redox potential (£h), preservatives, and compe- 
titive flora. In some of the preservation methods 
mentioned, these parameters are of major impor- 
tance, in others they are only secondary hurdles 
(Leistner e/ fl/., 1981). 

We introduced the hurdle effect some years ago 
(Leistner, 1978), and it has since been modified 
and extended several times (Leistner, 1986fl, 1987). 
The present concept is shown in Fig. 1 , which gives 
eight examples. Example 1 illustrates the principle 
and represents a food which contains six hurdles 
(i.e. F, /, flw. pH, Fh, and preservatives). The micro- 


organisms present cannot overcome (*overjunip') 
these hurdles, thus the food is microbiologically 
stable and safe. However, Example 1 is only a 
theoretical case, because all hurdles arc of the 
same height, i.e. have the same intensity. A more 
likely situation is presented in Example 2, since 
the rhicrobial stability of this product is based on 
hurdles of different intensity. In this product tte 
main hurdles are the and preservatives, while 
other less important hurdles are storage tempera- 
ture, pH and redox potential. These five hurdles 
are sufficient to inhibit the usual types and num- 
bers of organisms associated with such a product. 
If there are only a few microorganisms present at 
the start (Example 3X then a few or low hurdles 
are sufficient for the stability of the product. The 
aseptic packaging of perishable foods is based on 
this principle. On the other hand, as in Example 4, 
if due to bad hygienic conditions too many un- 
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desirable organisms are initially present, evert the 
usual hurdl^ inherent in a product cannot prevent 
spoilage or food poisoning. 

Examples 5 is a food superior in nutrients and 
vitamins, which foster the growth of microorgan- 
isms (*trampoUne effecf). and thus the hurdles in 
such products must be enhanced, otherwise they 
will be overcome. Example 6 illustrates; the be- 
haviour of sublethally damaged organisms in foods. 
If, for instance, bacterial spores in meat products 
are damaged siiblethally by heat (as occurs in 
F-SSP, discussed later), then the vegetative cells 
derived from such spores lack vitality, and there- 
fore are already inhibited by fewer or lower hurdles. 
In some foods, such as fermented sausages and 
raw hams, the microbial stability is achieve dur- 
ing prxKiessing by a sequence of hurdles. Examf^ 7 
illustratiss the sequrace of hurdles in fermented 
sausages, as will be discussed later. 

Finally, Example 8 should illustrate ati impor- 
tant phenomenon, which deserves particular atten- 
tion in foods preserved by combined methods, be- 
cause different hurdles in a fobd might not just 
have an additive effect on stability, but could act 
synergistically. A synergistic effect of hurdles is to 
be expected if the different factors (e.g. pH, a^, 
preservatives) have different targets withm the 
microbial cell, and thus disturb the homoeostasis 
in several respects. This could make it difllicult for 
spoilage or food poisoning organisms to oveixrome 
the lag-phase, and if multiplication is delayed the 
microorganisms eventually die. Therefore, employ- 
ing different hurdles in the preservation of a par- 
ticular food should be advantageous, t>ecause al- 
ready with gentle hurdles microbial stability could 
be achieved. Certainly, the relationship between 
food preservation and the homeostasis of micro- 
organisms deserves attention. 

As Fig. 1 indicates, in fermented sausages we 
can distinguish five different hurdles which be- 
come active and fade out in a sequence (Leistiier, 
1985, 19866). These hurdles effectively inhibit food 
poisoning organisms (Sairhonella sq).. Listeria month 
cytogenes. Staphylococcus aureus, Clostridium botu- 
linuni) as well as other bacteria which might cause 
spoilage. On the other hand, this sequence of hurdles 
favours the selection of the desired competitive flora 
(especially lactic acid bacteria), which contribute 
to the stability of the products. An important 
hurdle in the early stage of the ripening process of 
salami is nitrite, added with curing salt, because 
nitrite inhibits the growth of salmonellae. Nitrite 
also inhibits some additional bacteria, while others 


can grow and due to the multiplication of these 
bacteria the redox potential of the product de- 
creases, and this in turn enhances the £h hurdle, 
which inhibits aerobic rganisms and favours the 
selection of the competitive flora, primarily lactic 
acid bacteria. Their growth and metabolic activity 
cause acidification of the product and thus an in- 
ciease of the pH hurdle. This is of particular impor- 
tance for the microbial stability of quick ripened 
fermented sausages, which are not property dried. 
The hurdles of nitrite, % competitive flora and 
pH diminish with time, because in ripened salami 
the nitrite level and the count of lactic acid bac- 
teria decrease, while the and pH increase again. 
Only the a^ is strengthened with time, and this 
hurdle is mainly responsible for the stability of 
long ripened fermented s au s age s. Certainly, also 
in the prc>cessing and storage of soniie other foods, 
e.g. cheese, a sequence of hurdles is responsible 
for microbial stability, and it shoukl be challeng- 
ing to investigate this phenomenon in various foods. 

With fermented sausages we can differentiate in 
Germany two groups; i.e. qukk ripiened products 
and slow ripened products. Quick ripened pro- 
ducts amount to at>out 80% of the production and 
the slow ripened products to only 20%. In quick 
ripened products the a^ is rather high, because 
they still contain much water, and therefore arc 
less expensive. However, to compensate for this 
high a low pH in such products is necessary 
for microbial stability. On the other hand, slow 
ripened products, which are more expensive due 
to the long drying period, have a low a«, and 
therefore these products can afford a rather high 
pH which makes th«n much mwe tasty. I moition 
these differences between quick and slow ripened 
salami, because they illustrate that the hurdles in a 
food are somehow interchangeable. Emphasis could 
be given to different hurdles to achieve stability, with 
the consequence that the products have different 
features related to their sensory properties and price. 


3 HURDLE TECHNOLOGY AND FOOD 
DESIGN 

From the hurdle effect, the hurdle technology has 
been derived (Leistner, 1985, 1986a), since an in- 
telligent combination of hurdles secures the micro- 
bial stability as well as the sensory nutritive, toxi- 
cological and economic properties of a food. The 
practical importance of hurdle technology for 
stable and safe foods has now been recognized by 
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the food industry. In food design as well as food 
control this principle is increasingly applied and 
has proved very successful; 

Even the pet food industry has made novel and 
attractive products by applying hurdle technology. 
A stable pet food was formerly produced with an 
a of 0-85 and this needed addition of much 
propylene glycol which might have caused healUi 
implications in cats. But now based on hurdle 
technology pet foods are stable with an a, of 
0-94, and they are more healthy, tasty, and eco- 
nomic. . , • J 11 

Hurdle technology is now widely used especially 
in food design, for making new products accord- 
ing to needs. For instance, if energy preservation 
is the goal, then ener^ consuming hurdles such as 
refrigeration are replaced by hurdles pH or 
£J which don't demand energy and still ensur^ a 
stible and safe food (Uistner, 1978). Further- 
more, it we want to reduce or replace preservativK. 
such as nitrite in meats, we could emphasize the 
other hurdles in a food, e.g. pH, refrigeration, 
or competitive flora, which would stabUize the 
products (Leistner e/ a/-. 1980). ^ . , 

Food control could be based on the physicrf 
and chemical measurement of hurdles in a food and 
computer evalution of the results. This approach 
could give faster and sometimes more reliable 
information on the stability and safety of foods 
than a microbiological investigation. Hurdle tech- 
nology used for food control may be regarded as 
a precursor of predictive microbiology. 
Hurdle technology is by no means a new process, 

as has been pointed out by Chirife et ai (1991) m 
their study on mummification in anaent Egypt. In 
the opinion of these authors the embalmed mum- 
mies contained (at l«st) three hurdles namely 
reduced a, (0-72), increased pH (10-6) and preser- 
vatives (spices, aromatic plants). Therefore, the 
application of coinbined methods used for preser- 
vation has indeed a long history. 


4 SHELF STABLE PRODUCTS (SSP) 

STORABLE WITHOUT REFRIGERATION 

The term SPP was introduced by our labora- 
tories (Leistner & RSdel. 1979) for high moisture 
meats (o, > 0 90), which may be stored for weeks 
or months without refrigeration, in spite of a mild 
heat treatment. We predicted (Leistner et al., 
1979) that SSP would gain importance. Fox & 
Loncin (1982) emphasized that in heated foods 


which contain only viable spores of bacilli and 
Clostridia the microbial stability could be more 
easily achieved by certain hurdles, than in pro- 
ducts where a large range of microorganisms is 
present. 

Stability without refrigeration is an important 
feature for foods in developing as well as indus- 
trialized countries. In developing countries refrig- 
eration is hot readily available and in industrial- 
ized countries foods which need no refri^ration 
save costs by saving energy during distribution 
and storage. Furthermore, mild heat treatment 
(70-1 lO'C core temperature) is benefiaal, because 
it fosters the sensory and nutritional properties of 
the products. However, the heat process must be 
sufficient to inactivate all but sporulated bacteria. 
Since the contMuers are sealed, a recontamination 
of foods after heating is avoided. SSPstiU contain 
viable spores of bacteria* but the growth of sur- 
viving bacilli and Clostridia is inhibited biy a suffi- 
cient decrease of flw, pH» and £b. A low redox 
potential favours Clostridia, on the other hand 
some bacilli arc more a»-tolerant Uian Clostridia 
but can be inhibited by a low ^h- Therefore alow 
redox potential overall contributes to the micro- 
bial stability of SSP meats (Leistner a/.. 1980), 
For industrialized countries production of SSP is 
more attractive than intermediate moisture foods, 
because of the required a, for SSP is not as low, 
and thus less humectants and/or less drying of the 
products are necessary; 

Depending on the hurdles which are most on- 
portant for the stabUity of a particular product 
group; we distinguish today between F-SSP, a,- 
SSP, pH-SSP and Combi-SSP; minor hurdles are 
also' active in these products. The primary reason 
for stability of F-SSP is the inactivation or sub- 
lethal damage of bacterial spores, for the reduc- 
tion of flw. for pH-SSP an increased acidfty. and 
in Combi-SSP several hurdles are balanced out. 
Traditional SSP meats (both a^-SSP and pH-SSP) 
have been on the market for many years, the F- 
SSP were introduced about 10 years ago, and 
Combi-SSP are still under development. Hitherto 
the SPP concept has been mainly applied for meat 
products, however, certainly it could be useful for 

other foods too. u- u 

SSP are quite sophisticated products, which 
need reliable control of important critical points 
during manufacture, therefore, their processes are 
best defined using the HACCP concept. Dunng 
processing the temperature and time as well as 
pH and should be strictly controlled, a micro- 
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biolo^^ investig;ation of the products based on 
siiggested guidelmes would provide additional in- 
formation (Hechclmann er o/., 1991). 

4.1 F-SSP 

During the last decade German meat processors 
have introduced a new line of mildly heated meat 
products, which are sold in huge quantities by dis- 
count chains without refrigeration. These products 
are autoclaved sausages in casings, called F-SSP 
(Leistner, 1985). The products are given only rela- 
tively mild heat treatment {F value 0-4), which in- 
activates all vegetative microorganisms and sub- 
lethaOy damages spores. Bacteria deriving from sudi 
spores have a diminished vitality, and therefore 
are already inhibited by and pH values that are 
not detrimental to the sensory properties of the 
products. A k>w contributes to stability (Leistner 
ei aL, 1980). The four hurdles which are most im- 
portant for the stability and safely of F-SSP have 
been caUed the 'magic square* (Leistner, 1986a, 
1987), and in some products (BrUhwuirst) nitrite is 
also a hurdle; 

F-SSP consist o( liver, blood and Bologna-type 
(Brtthwurst) sausages (100-500 g), filled in arti- 
ficial PVDC-aising (30--45 mm diameter), imper- 
meable to water vapour and to air, and closed by 
clips. These sausages are autoclaved for 20-40 min 
at 103108X under stringently controlled counter 
pressure (1 '8-2-0 bar during heating, 2 0-2-2 bar 
during chilling). The autoclaved sausages have a 
shelf-'life of at least 6 weeks without refrigeration. 
Strangely einough the F-SSP rhight even become 
sterile during storage. This is due to the fact that 
bacterial spores are able to germinate under less 
favourable conditions than where the vegetative 
cells of bacilli and Clostridia are able to multiply. 
Therefore, during storage of the products some of 
the viable spores germinatCi-bot the vegetative cells 
deriving froin these spores die. Thus the spore 
count actually goes down during storage. 

Of course, this will only happeii if the products 
are microbiologically stable due to the following 
hurdles: the sausageis must be heated to F values 
higher than 0*4, and if the initial spore count in 
the products was low (due to the use of spice ex- 
tracts instead of natural spices), only relatively 
few bacterial spores will survive this heat treat- 
ment. The ff» of F-SSP must be lower than 0*97 in 
Bologna-type sausages and lower than 0-96 in liver 
and blood sausages. The higher in Bologna- 
type sausages (Brflhwurst) is possible, because 


nitrite is still active in these products, whereas 
the a« must be lower in liver and blood sausages, 
because in these products the nitrite is inactivated 
by the high iron content. The £|, sh uld be low in 
order to inhibit Uw-tolerant badlli, and the air 
tight casings secure a low E)^. The pH of F-SSP 
should be lower than 6*5, but this is only critical 
in blood sausages, because the other products 
have a pH close to 6-0. Finally, for F-SSP casings 
are more advisable than cans (Hechelmann et aL^ 
1985), because during chilling of the cans after 
autoclaving, some water condensation may occur 
inside the lid, and if drops of water fall back on 
the surface of the sausage mix, locally the in- 
creases and thus growth of Clostridia may start in 
this portion of the product. If autodaved sausages 
fill the casings tightly, water condensation inside 
the container cannot occur, and therefore F-^SSP 
in casings are more stable than in cans with h^d- 
space. 

F-SSP have not caused botulism or severe 
spoilage problems during the decade they have 
been on the market. The obligatory guideline for 
the manufacture of safe and stable F-SSP have 
been investigated and reported by Hechdnianii & 
Uistner (1984). 

4.2 a^-SSP 

The term a^-SSP was chosen for products stabi- 
lized mainly by a^, although other hurdles are im^ 
portant for their stabDity too (Leistner, 1985). The 
first experiments into a^-SSP were d<me by Leistner 
& Karan-Djurdji6 (1970). However, for a long 
time there have been already traditional ^^-SSP 
meats on the market^ such as Italian MOrtadella 
and German Brilhdauerwurst, which have been 
produced empirically with an close to 0-95, but 
none of the manufacturers measured the f 
their products or even reioognized the significance 
of water activity. In Italian Mortadella the reduc- 
tion of the is achieved mainly by the formulaticm 
of the sausage and some drying during heating 
of the prodtict. Whereas German BrQhdauerwurst 
acquires the desired primarily by drying of the 
finished product. Due to the adjustment both 
product groups may be stored without refrigera- 
tion. Since the lipases are inactivated by heat in 
a^-SSP meats, they are stable longer than fer- 
mented sausages. According to Wirth (1979), fer- 
mented sausages can be stored IS months and 
German BrOhdauerwurst even 18 months without 
much sensory deterioration. 
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The processing and stability of both groups of 
traditional Ow-SSP meats have been studied m ur 
laboratories (Leistner el a/., 1979). For stable^And 
safe meat products of the a.-SSP type, the follow- 
ing guidelines (Leistner, 1987) must be observed: 
a -SSP should be heated to an internal tempera- 
ture of at least 75°C in a sealed container, prefer- 
ably casings. The water activity of a,-SSP must be 
adjusted to or below 0-95. Thus, a lower a, is 
more essential than for F-SSP, because with the 
milder heat treatment of a,-SSP the bacterial 
spores are damaged less than in F-SSP. The £h of 
the produa should be low, because a reduced 
redox potential contributes to the growth inhi- 
bition of fl,-tolerant bacilK. The growth of moulds 
on o»-SSP could be troublesome, because the sur- 
face flw of these products (since the casings are 
penetrated by water vapour) corresponds to the a, 
of the interior. Mould growth on the surface of o,- 
SSP meats could be avoided by smoke or potassium 
sorbate treatment, or by vacuum packaging of the 
products. Hechelmann a/. (1991) recommended 
repasteurization of the vacuum packaged «,-SSP 
for 45 min at 85»C. By this process not only 
moulds are inactivated but also other organisms, 
including lactic acid bacteria, which might grow 
on the vacuum packaged meats during storage. 
Repasteurized vacuum packaged a,-SSP have a 
superior shelf-life. 

43 pH-SSP 

It is well known that pasteurized fruit and veg- 
etable preserves with a pH <4 5 are bactenologi- 
cally stable and safe, in spite of only mild heat 
treatment. In such products vegetative microorgan- 
isms are inactivated by heat, arid the mulUplicaUon 
of surviving bacilli and Clostridia is inhibited by 
the low pH. Such foods coiild be called pH-SSP 
(Uistner, 1985). Since bacterial spores are able to 
germinate at lower pH levels than, vegetauve bacilh 
and Clostridia are abte to multiply, in pH-SSP, as m 
F-SSP and d,-SSP, the number of spores tends to 
decrease during storage. On the other hand, while 
the heat resistance of bacteria and their spores is 
enhanced with decreasing a„ it is diminished with 
decreasing pH. Thus pH-SSP need less heat treat- 
ment for the inactivatipn of microorganisms than 
do a,,-SSP. 

Meat products of the pH-SSP type are brawns 
and in this jelly sausages are adjusted to an appro- 
priate pH by the addition of acetic acid. Such 
products are, for example, composed of a brine 


(pH 4-8) made of water, gelatine, salt, sugar, agar- 
agar (1%), and spice, and a solid ph?se, made of 
Frankfurter-type sausage in cubes with an a, of 
0-98. Both components are mixed (2 parts brine: 
3 parts meat), filled in casings and heated to an in- 
teraal temperature of at least 72»C but not highw 
than sec. If the product is in equilibrium, h 
should have a final pH bdow 5-2, and then it is 
storable for 6 days at 30°C without refrigpration 
(Hechelmarin e/ a/., 1991). 

4.4 Comb^SSP 

Some SSP are stabilized by several hurdles whk* 
have to be well balanced with each othw. Our 
experimental work suggests that even small eo- 
hancemenu of the individual hurdles in a food in 
summation have a definite effect on the micrpbial 
stability of a product. Figure 2 illustrates this 
phenomenon. For instance, for Uie stability and 
safety of meat products it is of significanoe 
whether the F value is 0-3 or 0-4, Uie a* is 0 975 w 
0970, the pH is 6-5 or 6-3, and the £fc value is 
somewhat higher or lower. Every small improve- 
ment or reinforcement of a hurdle brings some 
weight to the balance, and the sum of these 
weights determines whether a food is microbiolpg- 
icaliy unstable, uncertain, or stable (Fifr 2). In 
other words, all little steps Jn the directipn of 
stability will finally dedde whether or not the 
balance swings from an unstable into a stable 
state of a product The quantification of Mwe 
influences on the microbial stability of foods is an 
important research area of food desigm. In thb 
endeavour technologists and microbiolopsts must 
work together. The technologist must determine 
which additives are suitable for the enhancemeiit 
of hurdles in foods by taking technological, toxi- 


•labl* 


unc«rt«lii 


unsUbl* 



Fig, 2. TTie balance should iflustratc that cVeri small enhance- 
menu of different hurdles could bring about in sununation » 
substantial improvement of the microbial stability of a food. 
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cological, sensory, nutritive/ and legal limitations 
into consider.- Jon. The microbiplogist must deter- 
mine which intensity or factors or hurdles in a 
particular food are needed for the desired micro* 
biological stability, and his concept has to be 
challenged by inoculation studies using relevant 
microorganisms in feasible numbers. Predictive 
microbiology could be usefu) in this respect too. 

As an example of a Combi-SSP the Gelderse 
Rookworst of the Netherlands could be mentioned. 
This is a Bologna-type sausage (Briihwurst) in 
which the pH by the addition of glucono-delta- 
lactone is adjusted to 5-4-5-6. This prodwt is 
microbiologically stable for severat weeks without 
refrigeration, if vacuurii packaged in a pouch and 
then pasteurized at SO^'C .This treatment inacti- 
vates vegetative organisms in and on the sausages. 
Bacterial spores are apparently not of much concern 
in this product, since their population deci^ses 
during the heating process and the surviving spores 
are inhibited by the low pH. If the product is 
manufactured with a somewhat higher pH, the sen- 
sory properties definitely iniprove, however, then 
the of the product has to be lowered in order 
to obtain the desired stability. 

We have followed this line in our product design 
of Bologna-type sausages as Combi-SSP. Different 
types of BrOhwurst (wieners, bockwurst, fletsch- 
wurst, Heischkase, fleischkfise in slices) were devel- 
oped which proved stable and safe during 6 days of 
storage at 30**C. The initial spore load should be 
low, and these products are heated to a core tem- 
perature >72**C, and are adjusted to an and 
pH of 0.965 and <5-8i respectively. The products 
are re-pasteurized alter vacuum packaging for 
45-60 min (depending on the diameter of the 
products) at 82-85^G (Hechelmann e/ a/., 1991). 
Ctombi-SSP offer many opportunities, however, 
they require strict process control following the 
HACCP concept. 

5 NOVEL AND TRADltlbNAL 

INTERMEDIATE MOISTURE FOODS 
BASED ON MEAT 

The intermediate moisture foods (IMF) are 
stabilized by in the range of 0 90-0-60, al- 
though additional hurdles, such as heating, pre- 
servatives, pH and might be important too. 
Many traditional and some novel IMF are 
known. Such foods need no refrigeration during 
storage. 


5J Novel IMF 

An example of this product gr up in the meat 
field is mini-salami. This product is liked by the 
consumers as a snack and it is produced in large 
quantities in Germany, also for export. Mini- 
salami is based on hurdle technology and is pro- 
duced either as fermented sausage {a^ < 0*82) or 
as dryed Bologna-type sausage (a^ < 0-85). In the 
packapng of mini-salami a ^iiodified atmosphere 
is used in order to delay rancidity and to avoid the 
growth of moulds (Tftndler & R5del, 1983). As the 
example of miiii-salaihi demonstrattes, a modified 
atmosphere couM be another hurdle whkh contri- 
butes to stability, especially if carbon dioxide is used. 

5^ TradMonallMF 

In different regions of the world, traditional IMF 
based on meat are known. This is e^pbdaliy true 
of Asia (e.g. tsusou-gan, njorsou-gan, sou-ik>ng of 
C3iina, or dengdeng giling of Indonesia) as well as 
for Africa (e.g.biltong, khundi, quanta, pastenita, 
klich, iamkila). Some IMF meats are also known 
in America (e.g. charque, carne de sol, bed^ jerky). 
The IMF based on meat are nutritious and pala- 
table, aiid are much liked by the consumers. 

In such products hurdle technology is empiri- 
cally applied, and they are easy to prepare and to 
store, because ohly simple equipment is needed, 
and neither expensive packaging nor refrigeration 
are required. Furthermore, common humectants 
(salt and sugar) are employed, and thus no ^chemical 
over-loading* of these foods results. 

Recently, the traditional IMF based oh meat 
have been reviewed (Leisther, 1990, 1991), and 
thus in this contribution a few remarks should 
suffice. It is obvious that a thorough study of 
traditional IMF using up-to-date methodology 
would be of benefit to developing countries. How- 
ever, also for industrialized countries such studies 
are rewarding, because traditional products are an 
abundant source of innovative ideas which could 
be used in food design. For instance, we learned 
from Chinese sausage (lup cheong) that a sausage 
could be preserved in the raw state even without 
fermentation, or we realized that in diarque of Brazil 
a fermentation takes place even at an < 0-90, if 
halophilic pedicocci are involved. Heat inactivation 
of most pathogenic bacteria, including staphylo- 
cocci, is achieved in some Chinese IMF meats by 
just applying 50°C for several hours. Another inter- 
esting aspect of traditional IMF meats is the bac- 
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terioddal effect of Maillard products towards food 
poisoning organisms, because if these recontaminate 
the product aAcr heating/ and drying they don't 
survive long. Appar ntly the growth inhibition of 
xerotolerant moulds on unpackaged Chinese dried 
IMF meats with an of 0 69 is also supported by 
Maillard reacUoh products, which therefore prob- 
ably are important hurdles for tradiUonal IMF. 

6 CONCLUSIONS AND PERSFECTiVES 

Food preservation based on combined methods is 
applicable for the improvement of traditional pro- 
ducts as well as the design of novel foods. Com- 
bined methods secure stable and safe foods m spite 
of a gentle preservation, and thus result in pro- 
ducts with high sensory and nutritive properties. 
Research in combined processes has brought about 
admirable results in Latin America within the 
CYTEP-D project. Also combined methods for 
food preservation are currently studied in Europe 
within a project of the FLAIR-PROGRAM, and 
eleven countries participate in this project. 

Several concepts for improvement of the safety, 
stability and quality of foods have emerged in re- 
cent years and are pursued. Now, taking mto con- 
sideration Good Manufacturing Practkx.(i.e. a better 
defined GMP), Hurdle Technology, the HACCP 
Concept and Predictive Microbiology, an overall 
stratcigy for better foods should be derived, which 
is applicable in industry as w«?ll as in smaU and 
medium size enterprises, if possible worid-wide. 
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poultiy products (2/). Few cases of H^riosis amxnated whh 


f^^meats have bees dotiMei^ Hoover. Ibe wide- 
spread dstibidieo ^ L amiocjisbfcm Us 
asspciiioa witt^^^^^^^ ^ 
pmcDce et Ac otipnin ^bafUf the pw icc Mi i ^ ^ meal 
and meat pio^cts iiiiay<^dable.{f^4X Wh^ dK pnseoce 
. of Usierm ^ m 6eA meats and mrat piiidiicta ii anJl 
doeume^ V0J4JSJgi, evidawe for gmrth of L 
momcytagenes in cooked beef is kas s^bgtmaM 0^12). 
1^ camat zeso toienmce tevd for L. i 


established by U& Departeieat of 



meat frodaets sio^^ 

5c»ti^ Ida 1itk^ pliS^^m&da of aj 

pretoct swface at fak^ tajgh trtnpcnttato C7I-9C^ foj. 
shoft periods time (30 »-3 mhO nuy icdiiec tbe nuoo-: 
biallb^^^t^^ /^deotly 
(2) found mai treaimelrit 9^ 10 ite was 

more efficiem dian ireaMeajttt^ M 
or 5 asm in Mfockqi Mat aerolMe, anacsobio; and la^ebar 
ocmis OB M betf fiodB^ WHfle cotata for 
uMetted<ao|Mistpasie^^ 

wdAs off stoia^ ^iilM 1© nm} 

mauttaihed sigoifiaaitly lower coajats b# iO^I0>, wSiMb I 
log of iiiiiiid ievete (10^ and 
lactoteciBL Cooksey {4) found pdstpasteama^ of beef 
chadcs at 82^ for 16 mto sfgnffioand^ redooed fevcb of 
L monocpogenes by I Q^OOO-fold oii soifooe and 
l.O00yOQO-feld m te broth iron knote fevcis of 10^ 
CFI% Hie inhtbilory efibet i4 i rtn lr ttt ttrr mdifth has 
been shown, in detf^fe gfages^ to vary d e pen d iiig oo die 
times md tempendtues osed m posqpotearixtfoa 

Difforenees in sarmal bif m i cro oi g aitt aa» wt^ wy- 
tog postpaslettrizidioo fteatowtfs points ott a aeed for 
more specific guidelines to dc^ dds criii^ ^oe^ 
pote. Cimentfy, dim are no specific iniperttgB :gitide- 
Imes to insmc the consisleacy of posQNtttet^^ 
tween phm^ HierefoR;, the iJb^edii^ iBCsmach 
were to deteitnroe die fote tsS L. 
cocdoed beef nmsi^ stdiyecaed to varioos p'^'tpfririf^hg 
pastomzattoa ireatmeids «id «> evahiate die shd^life 
suUltty inoculated^ posqpastettriaed beef roasts. 
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ProdMCt prepamHon 

Odc baiKked and twen^r^iuc; USDA Choke, vscouroiiacic- 
^>ef eye of round iwsts OMFS Na 1710 
nd shippDd U> IbiveniO^ «f Geo^ Meati Labontoiy. AO 
product anhned frono.aiKl was held at undl ready for use; 
Eye of roomU (weiglimg apprmmaiefy 1750 g) wiere thawed in 
groups of 31, removed from ttxir faenier and iqarfcyri iii 
555 X 27^ cn (22 a 11 l0> CNSSO popk-m bitff Jpyom; 
Duncan, SQ. The roasts wesv steab oocft^d in a iiinoioefaoose 
(Aikv. Lwfi, WI) at &Q for 2 h. 74<X: fi^ 1 h^ and « STC fiof 
15-2 b ttnlil diey reached an intenii} lenipenttuire of €S^ The 
roasts were cold shower chilled for approxhnatefy 15 mfai to 4*C 
nyl pbced fai a cooler (4X9 pVien^^^l^ ftabwioi iby. roam 
were stripped of packagtnit inannal »d cm b btf^ 
roasts. 0lle4^lf of each roast was weighed for later page deld^ 
natioo. and repackaged in a CN530 cook-in hag before 
posqiasieuriaation. The remniniag half was fnoctihted before 
repackaging snd poslpasteufizatka. An addttkxial dght halves 
were rebf^gged to be ased for monkpilof the tenopentuie cl the 
toasts du^^^g pos^pssteunzattoo* 

. -lW''Md leinpemnve' pni^^ wm'.Mdected.'.based^ 
prevnosrescareftx^ ueiaiy \«7pos7asieanzea wnoseaop iwuus 
at 205n^ (96^ to 1. 5^ aiki 10 inia. 
stiidy, osM« hdf eye of lounds, thb foim^i^^ 
and an additioail lower tanpesnnBC (9^*C) < 


iaecidbR j 

Btoie) weie inaisrtaniBd h^ ttyffdaa^ wy hnA m hi pv^ara* 
tioti for: inocKiiiftibat onio hatf eye of found n^aaa» 'Hypticase loy 
braii^ caknies of each strain were gro«« for 24 k at 35^1 Bach 
. stiato was mixed tpgcdier before besty peltpted by cenbifi^ga^ 
(lOi&dn, ].5C)0ipin)utheceas WW wadiedtWkeb^^ 
n 90 inl of pho^Ephatt batkx and resuspended hi 10 ml phosptae 
bolfor to 1^ an apptoxbnate popofa^bn of 1 x I(f GFlVkni of 


* Eidi half ^ of round to be raocalated was aaepticaBy 
tiansfenedtb indivkhiaDy Idieled CNS3ahaga. A ta«ai aBi|aet of 
the naxed stnnp inocuhKn, op^tainhig approixhntt^:. IC^ CFUAnJL 
was disfefteicd dkopwire over die. product starfooe and dlOlo^ghly 
^Kcad inside the tig by imtisai^ for 2 tain. Ibc inoculated roasts 
wert vadmm partr^gpd nthg a bhtetop Mtdtfeac (A30Cyi<) vacuum- 
packagfav ntachbisL AU stetis were chffl^ a 4«C 

cooler and fadd una te fWSQiasleu^^ oeaoieat was per^ 
foniMd (withm 24 h of ihoolhttkaOi 


Arof ovtttwptf 42f /Kfudhcf * 

Each treatmentr contahitng 27 Innridatrt^ 27 
and 8 lefupeiatore wainhoiing roactt was petfonnpd on a difforent 
day. Qta the dagr of postpasiemizatioB, the vacDim»i^^ 
wcic remomi firoro Ae cooler (4^ and immetsetl, hi botches of 
14-16 roasts each, bno a hot water b«h with foreed air ciroolation. 
Heat-4olcrant pla^ nibing was run from a tabletop air jet in Ae 
labonaiiry hob a hot water shnnk uodc to provide Ae air Ibr 
chcuhikm of die watv bsiL Thb tenipenmite of 
dwell time varied actxadii^ to uei^roeot fTRT): TRT 1 « 9i*C for 

3 nan; TRT 2 = 91X: for 5 mia; TRT 3 = 96*C for 3 mio: TRT 

4 s 96^ for 5 mfai. FoUowqg heat treatment, roasts were trans- 
fened inmittfiaidy to an ice b^ and cooled to 4*1^ (appn)K^ 
matdy 15 ndn). Thirty roasts (15 in o cul ate d and 15 ai&Kxadated) 
from each treatment woe uaiolened to a 4^ cooler and 24. (12 
inoculated and li2 munacutated} toasts were transfoncd to Ji 10^ 
incDbaKv for shelf-life evaloation. Tri|dicate 8anq»les4)f inoculated 


(a « 3).and unh»cul8lBd (a « 3) roasts w« puUed at 1. 8. 14. 2SL 
abd 56 d froito 4T stpngs and at 1. < 8. and 12 d tarn HK: 


Tb monitor die tempenture of die roast hahes ditth^ 
postpastetauatkai. dght uninomfated roast halves (2 per batch) 
were used as cootraU For these roasts. T>pe T constutfaietoppv 
ihetroocouple who was itetted Oaot^ brass stoffiiy boxes for 
plastic pouches (BckhnxmaRiaoa Technology, CM. HJi 
Hie diemiocoiiples were pboed on die psoduct sttfooe Mid3 Baa 
heneA tewrfao^of di^ftu^ addMond rt» » ^r>f ^ .t |f ^ ^ 
placed fa the for raon to^ 

^ter liftfi tenipa^^ were leooided en a Molytek 

(New Ibrtford. CI) FMMe HI Channel RecenMteahigger 

SaaipBng mid tme^iee^^om ^ pnt^tet 
Atdie 


for dK presence of L aMno^yttgcnea. Each bi^ was 
swabbed widi , 70% afoohol and opened aseptlcaqy wift a tene 
sterilized lodfiL Ite loast was rhised hi die ooak-fa b^ 
inl of phosphate bttffa and maantged for 2 nun to aisare maxunam 
leooveiy. Pridr to this pnj^ foooveiy studfea widi L motwcyiO' 

gems found a 2 mm me^ty ■Homi^ W iiaairpTum TT^nvrry if 
ItioculBin. IWati o n and ideatlfiieatioa of £..ine M tf tj iag j|< n g> were 
done osiqg die ihe& teorib^ by^Ltt The 
pbbapbtfe rinse was fttrtfaer d3aled as nebessaqr for die ^fiiect 
l^ating enompnuioii W^^^ 

of iiti^ jBwnwlatW^ i^^ CMA 

Plates were indbsted at 35^ fo 24 II T^iIc^ csiei^ ( 
stre^cK»lin^^^^ 

tive LEnr^ peaahciow the 

detedion feiid of dc pfadh^ psocedtaies,; tipi iehjiajat p rocts ha es 
were folfowed by Uausfaip g a sngpde of ^ ot%^ rinse 
into fJaiiiff sdective entichineBVOniveisi|y/of Vcnnont 
I (UVM) ]fenmdatk» M (LS^^Mt OnoUgL After iaco. 
badon at 35*C ta^ ddd^dt^froa^ wim^^^i^^ to 

feasor Bkotti (fi) jpresiaap^ ile^aliea tif iisttiofa. 
««sre gemly vbftex^ 
faiodi for bouiMtiaD at 35H: for 24 K^ifl^ 
ntej^sni dbe to taagSasi b^fi^ifyth wa^robiisidd^ presumpdv^ 
pbi^tive forXuin^ spp. l^'qMifiiM^ .yione 9 ^ en iEs; ai 
nd of die Raser cokuie was ^pinead onro i^-46x ind inoibatod at 
35*C for 24 h; Typical coiotdes were dien ttansfened huo Q 
motilily medami (Pifco) and incdMted at 25*C fo^ 
Cb nfi n na tiiB n of I> i twm ky uifgm u iivas latdd: on die 
motll^ odWted by «e of^ariEsnii in 
selected^^ofomer^ lisiiirfo siljpL wcf^ gmm on Ttyyile^ 
agBr . iRfim yeast eaann ano jiDfeeieo to .aaotiMnai testn^ for 
j^^p^j^ig^jgp^j coiifii^natiati of £^ inovioc^tagvss^s* The ^bOwwh^p -tests 
were used for oonfomatioii of these, isolates: Gnm sann. Mood tear 
hemolysts. catalase. oxidase. «id Miamm Uaerta lest sarip 
(Orgyipo Teknjfca Ootpc Diatiaww WO« ' , . 

unmocunaeo prooiKs was imseo ana ptateo. 
pbdes of for Aect cduoto of X&l^ 

sets of duplicate plates of plate count agar for dhsct eoonts of 
mesoplttKc and jwycfaiotiuphic iwgaiitfcins A l-^id i 
uansfcired to ISBWM for tecove^ of fow 
hyured ofganisms. Ttjke% and LSA^X plates and one set of plate 
conht 1^ plates were Incubated at 35^ for 24 h. Oolooies addch 
developedon die ptetes were counted for deleinuiiation.of LbHrio 
and mesophiles. Representative orfoaies fobin aQ iitsMtrfMskive 
sanqiks received b roch ei n i ca l testzag aAer matSity was cbt rfit medL 
The plates for psyc hi otrophic otgM^snts weipe ii i c ub at ed for 14dat 
4^C and cotemes tliat developed were counted. 

Stmistkai mmfysis 

A gcnemi linear model (f7) was ised to evaluate the foccd 
effects of dwell time and tenqmature as well as storage time and 
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sU)njgo temperatuiic. AJl miqt>bial counts wot conyertpd to 1 g 
CPU before analysis. Detenninadpn of ngoificance in the analysis 
of treatipbht Cfects used least sigtdTicam means seporaied .by a 
simpfeTtest" 

RESULTS 

; Inoculated pwduci w - - 

, jSiwth aiid survival of L monocytogenes inoculated 
onto vacuum-packaged roast beef , postpasteunzed at four 
differeot tieatment levels and stored at 4 and IffC is shown 
io Tables I and 2; Because the initial iDocuhim varied for 
each treatment the rate of growth as a difference 
inocuhnn level is ilhistrated in these tables. A tendency is 
noted CTable 1) for greater lethality to L monocytogenes with 
longer dwell time and increased temperature treatment. Treat- 
ment 4 CTables 1 and 2) showed the greatest initial decrease 
in numbers of viaUe L monocytogenes enumerated at day 1 
and showed a greater reduction in numbers throughout stor- 
age at boOi 4 and 10°C compared to the other treatments^ For 
each tieatracfnt stored at 10^, the population increiEtsed, 

TABLE 1. Least squares mean differences (log between 
initial inoculum and growth cf 1* monocytogenes as reca\fered 
from postpasteurized beef roasts stored at ¥°C' 


days 


TRT I* 


TRT 3' 


TRT 4' 


Log CFU/pkg 


1 

2.«r 

2.82^ 

2.9e 

4.52» 

8 

2.31' 

2.7^ 

2.74' 

3.95» 

14 

22(f 

173« 

320^ 

3.0^ 

28 

Ojl' 


1.56» 

2.08* 

56 

0,44' 

-0.06« 

-024* 

1.07* 


' S£M = 0.168. 

* TRT 1 (91*C, 3 min) IniUal inocuhim = 10.23 Log CFV/pkg, 
' TRT 2 (91 5 min) Initial inoculum = 9J8 Log CFU/pkg. 

* TRT 3 (96'*C 3 mhi) Initial inoculum = 9.84 Log CFUy^. 

* TRT 4 (96**C 5 min) Initial inoculum = 10.99 Log CFU/pkg. 
^ Means within the row with different superscripts are 

different (p < 0.05X 

TABLE 2. Least squares mean differences (iog CFU/pkg) between 
initial inoculum and growth of L. monocytogenes as recovered 
from postpastemized beef roasts stored at JO^C* 


Storage 
dtys 


TRTl* 


TOT? 


TRT3' 


TOT4« 


Log CFU/pkg 


I 
4 
8 

12 


2.66^ 

0.76' 
-0.05' 


2.89' 
2.42' 
K08' 
-0.46' 


2.97' 
2.43' 
0.74' 
0.62» 


4.i9« 
3.11» 
1.87» 
0.83« 


* SEM=: 0.168. 

* TRT 1 (91**C 3 min) IniUal inoculum = 10^3 Log CFU/pkg. 

* TRT 2 (91*t, 5 min) Inidal inoculum = 9.58 Log CFU/|rfcg. 
' TRT 3 (96*C. 3 min) Initial inoculum = 9.84 Log CFU/pkg. 
V TRT 4 (96*C, 5 min) Initial inoculum = 10.99 Log CFU/pkg. 
'** Means within the same row with diflerent superscripts are. 

difTcrent (p < 0.05). 


reaching within 1 log of, and in scmie cases butgibwii^ the 
initial inocuhun levd by eikl of the 12 d of stoc^ (T^le 

UniHoadated product 

Mean counts of mesophilic orgahisms ftbm uiiinoculated 
postpasteurized roasts, stoned it 4 and 10°C, aie represented 
in Rg. la-b. Differences in growth dtie to treatment were not 
significant for mesophilic otganisms stored at 4"^ until day 
56 (Fig. la). Variations in growih duei to treatniient were not 
significant for mesophilic organisms in product stored at 
10*C, widi the exception of one r^licate at day 8 (Hg. lb). 
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Figure 1. Growth curves for mean total counts cf mesophilic 
organisms recovered from vacuum-packaged beef roasts 
postpasteurized at 9rC for 3 min (OO TRT I): 91'^Cfor 5 min 
im-mmri); ge'^CforSmm fA-A TFT3); and9e'Cfor5minlA- 
A TRT 4), and stored at 4^C far up to 56 d (a) and 1<PC far up 
to 12 d (by SEM = 0.389. 
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Giowdi trends fi» psychrotrophic organisms (Fig. 2a-b) 
wot similar to the m^opiutes. A Icmger lag phase can be 
seen for Ae product stued at 4°C Q^g. 2a}. No growth was 
detected for psychrotrophic oiganisms in treatment 4 stored at 
4'C (Fig. 2a). The minimum detection leyd was lO*. for both 
ineso|>hiIic and psychiptrpphic oigaiusin& 
, . Roas6 ^«ie evaluated for purge on a percentage basts by 
the difTernice in weight before postpasteurizatlmi and at the 
time of sampling after ppstpasteurization. Mean averages for 
percent puige for roasts, stored at 4 and l(fC are shown in 
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Figure 2. Growth curves for mean total counts of psychrotrophic 
organisms recovered from vacuum-packaged beef roasts 
postpasteurized at 9I^C for 3 ntin ^O-O TRT J); 91^C for 5 min 
(0- TRT2): 96''Cfor3min (A-A TRT 3): and 96^Cfor5 min(A' 
A TRT 4), and stored at 4^Cfor up to 56 d (a) and lO'Cfor up 
to 12 d (bl S&d - 0A73. 


Rg. 3a-b. lYeatment 1 was difTertot (p < O.0S) fiom all other 
treatin^ts in motstite losst^ at 4^C by 56 d Of storag^ (Ffg. 
3a). Hg. 3b show$ ah overaD ino^ mbisttue loss with 
all treatments fi>ir pfbdik^^ stimd at l6*C as conquuied to 
]Hoducts stored al 4°C Roasts postpasteurized with shorter 
dwell times (TRT 1 and 3).diowcd an inotase in pdccnt 
puige over 12 d of storage at 10**C (Fig. 3b). TVealments witti 
a 3-min dwell time (TRT I and 3) were different (p < O.0S) 
from treatments (TRT 2 and 4) with a S-nun dwell time at d 
l>8,Md 12atliyC 

Mean values fpt temperatures recorded at and 3 mm 
below the product surface ate ilhistrated in Fig. 4a-b. As was 
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Figure 3. The average percetu purge from vacuum-packaged betf 
roasts postpasteurized at 9l''Cfor 3 min (OO TRT 1): 9l''C for 
5 min (0- TRT 2): 96''Cfor 3 min fA-A TRT S); and 9(BfC for 5 
min (A-A TRT 4). and stored at 4'Cfor up to 56 d (a) and ICPC 
for opto 12 d (b). 
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expected, posq)astaiiization treatment with S-min dwell times 
(Tilt 2 and 4) showed a higher final jtemperatufe at both the 
sufftoe and 3'iiiin bdow the product suifaoe. The greatest 
increase in temperature for-all treatments at both siirfece and 
3 mm below, bccuired within the minute^'After^ this time 
temperatures leveled off :. remaining constant for all treat- 
ments. 

DISCUSSION 

The survival of L monocytogenes w& not unexpected 
wiA an inoculum Jeyd of 10* nucrcK>igdiiii^ 

TOO J 



0-1 ■ H-^ 1 I -H 1 

0 1 2 3 4 5 
ELAPSED TIME (MIN) 
(b) 

Rgure 4. Time and temperature curves for mean values of tempera- 
tures taken at the product surface (a) and 3 mm below tke product 
surface (b) every minute during postpasteurization of beef roasts at 
PJ'^CforSmin {OOTBT 1): 9PCfor S min (0- TRII); 9^C 
for 3 min fA-A TRT 3); and 96^Cfor 5 min (A-A 77(74). Note 
time uro is the temperature of the rtxtsts before heat treatment 


POSTPASTERU23ED ROASTS ^9 

This ifioculuro levd was used diie to the proccduie u$ed for 
rn^oyeiy of the rgai^an (nuninmin detection levd JO' O 
per pkg) and the iniknown specific tohality of the chosen 
postpaisteurizatipo times and temperatures. 

A large initial population Cff L moitocvtogeties of the n yf* 
used woiild not ndmuJly be expected on a prpdiict this 
tjrpc- Hiis may accwm in part, but not sdlely, for (hei 
appaieht heat lesistance of the oganism. Boyle ct aL m 
found that wfen hig|i levels (>l& CFU/g) of L moriocytol 
genes were present in ground beef/tte oi^ganism survivedl 
cooldng (up to i(fXl internal temperature) and subsequendy ■ 
multiplied when the product was stored under lefrigeraticm 
(4^^. LintOD al. (12,13) suggested that expo»ng L mom- 
cytogenes cells to sublethal temperatures for short periods of 
time significantiy incieases the oigantsin*s thennal resistance. 
An bbvi(Mis difference was noted in the ^wth rate of l] 
mohoiywgptes in samfdes. stored at 10°C (Table 2). Thej 
oiganisms grew faster (p < 0.OS) at this stora^ temperature 
reaching total counts in 12 d'that took up to 8 weeks to attain 
with storage tenq^eratutes of 4^ It is possible'iiiai the higher 
abuse tempoatuie iVfCi jmvided an ^imfonmnt more I 
ccmdiicive to rq>air of sublelfaally tnpired cells. This agrees 
wiA Petran and Zottola (76) who reported a sborter genera- 
tion time for monocytogenes at KTC than at 4 (h* 
7X1 Gin and Ri^chej (9) fGAmd that nvmocytogenes in 
vaciiiim-packaged meats grew better at 10^ tf»n at lower 
tempcffatures. ^ 

' Diffei^^ idso observed tii the rate of growdi of 
mesqphiiic sind psydirotrophic organisms. Treatments witii 
higher teraper^ures and kHiger dweU times (TRT 2, 3/ aiid 4) 
were different (p < O.QS) from TRT 1 dxring 8 weeks of 
storage (4T) for both types of oiganisms (Fig. la and 2a). 
All postpasteurization treatihehts, with this exoqition of TRT 
1. day 56» appeared to keqp die numbers both mesc^Iic 
and psydirotrophic oiganisms low (<10* CFU pio* pkg), 
possibly allowing for increased growth of L tnonocytog&ies. 
However, the total coiints for meso^ulic and psychrotrofAic 
or^isms agree with Bditly (2). who found a significant 
decresis^ in total counts of aerobic* anaerobic^ and ladobfacilli 
organisms in pasteurized (20S''F for 3, S» or 10 nuo) versus 
unpasteurized beef roasts. Total numbers of aerobic ovgan^ 
isms forbeef postpasteurized at 2QS''F (96°C) for 5 min were 
below IQ* afier 8 weeks of storage. This foctor has been noted 
as a inoblem for die new geimtion (rf extended shdf-life 
refngerated foods. Cbrlett {5) cautions that die litilizatiott of 
new process methods to extend product dielf life may prevent 
"nonnaT warning of food saf^ hazards by destruction <^ 
spoilage flora. This stresses the impcwtanoe cS finding the 
m(»t (^{Hopriate tiroes and temperatutes to be used to insure 
product safbty using postpasteurization. 

One of the major ^vantages kjS cook-in products has 
been increased pnxhkt yield. The results of this study showed 
a decreaffed loss of moisture with higher dwell times and 
higher temperatures which remained fauiy constant through- 
out extended stor^ at bbtii 4 and 10°C This factor is 
important for processors, who do not want to decrease prod- 
uct yield by additional use of the postpasteurization process. 

The heat-resistance data obtained horn this study of L 
monocytogenes indicate that specific guidelines need to be 
for the postpasteurization process. This is to insure the 
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destniction of potentially pathogenic, thennally resistant or- 
ganisms that may survive the refrigerated storage necessary 
in extended shelf-life products, such as cook-in-strip. Further 
studies using a variety f products to more accurately set 
applicable time and temperatures for th use of 
postpasteurization in industiy me appropriate. Results of this 
study found that for a product sudi as halif eye of round 
roasts, a pos^patsteurization temperature f 96X for a dwell 
time of 3 mm was niost effective* providing for a greater 
decrease in total numbers of L monocytogenes when com- 
pared with the initial inoculum and results fiorin the other 
tieatments. 
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Maintenance of a high standard of hygiene and teni|)eratuie 
control during packaging and distribution of the prbdua 
should ensure that it presents no risk of listeriosis to the 
coiistimer. 

ACKNOWLEDGMENT 

This wortc was iupponed Afy a gram from the Departmem of Educa- 
liOQ for Northeni IrelanfS and by Gracey Foods Ud.« Northern Ircfland. 

REFCItKNCES 

I. Boaiti R. G. 1977. The Mrciobiotogy of eggs. pp. 49^. in W. J. 

Siadclmah and O. J. OMterill (ed.) tgg science and technology. AVI 

Publishing Co., Wesiport* CT. 
Z Buchanan, R. L.* a O. Stahl. and D. L. Archer. 1987. Improved 

plating media for the simpuried cjuantitativc detection of Listeria 

monocytogenes in foods. Food MiciDbioL 4:269-275. 

3. Cox. L. K A. Siebeiiga. C. ffedrazinni. and J. Moretbh. 1991. 
Enhanced haemolysis agar (EHA) > an improved selective and dif^- 
cntial medium for isolation of Listeria monocytogenes. Food Microbiol. 
«:37^9. 

4. Curtis, p. D. W.. R. G. Mitchell, A. F. King, and E. J. Griflin. 1989. 
A selective difTerentiai medium for the isobtioh of Listeria mtmocy^ 
togenes. LetL AppL MicrobioL 8:95^. 

5. Henry, B. S. 1933. Dissociation of the genus Brucetta. J. Infect. E>is. 


9. GtU, C O.. and M. P. Reichel. 1989. Growth pf cold-tolenm 
pathogens Yersinia emerocoiitica, Atromonas ItydrophUa and List- 
eria monocytogenes on high-^ beef packaged under vacuum of 
carbon dioKide. 1^ MtcrobtoL 6:223-23a 

10. Johnsoo, I. L, M. p. Doyle; and R. 0. Onsens. ]99a Usuria 
monocytogenes and other IXsrerfo spp. inmeat and meat producer A 
review, i. Food Prt»t 53:81-91. 

11. Lm, W: a, and McQttD. D. 1989. Uboraioiy communicaiion Ka 
57 (revised May 24. 1989). USDA. FSIS MicroUoiogy Divi^ 
Bethesda, MD. 

12. Untoo« R. H., M. D. Ptersoo. and J. R. Bishop. 1990L Inoease in 
resistance of UsteHa monocytogenes Scott A by soUedul heat shock. 
J. Food PiroL 53:924-927. 

13. Umon, R. H.. M. Pietson, J. R. Bts|iop» and C. R. Hackoey. 1992. 
Tlte effect of subltthal heat shock and growth atmosphere on die heat 
resistance of Usuria monocytogenes Scott A. i. Pbod ?mL 55:84-87. 

14. Uwiy, P. D./ «nd^,I. Tiong. 1988. The iitcidtoce of Usitria 
monocytogenes in loeAX and meat products facton affecting <fistribur 
tion. pp. 528-530. in Proc. 34th Int. Congress Meat Sci. TechnoL, 
Brisb^ Australia. 

15. McOain. D., and W. H. Uc. 1988. Devekipmem of USDA-I^S 
ntethod for the isolation of Listeria monocytogenes Irom taw meat 
and poottiy. J. Assoc Off. Anal. Chem. 71:660^. 

16. Pfctran. R. L. and E. A. Zonola. 1989. A study of factors affecting 
growth and nxovery of Usteria monocytogenes Scon K J. Food Sci 
54:458^ 

17. SAS. 1985. SA5 user's guide. Statistical Analysis System Institirta. 
Inc. Caiy. NC. 

18. Skovgaard, N.. and C Moigeo. 1986. Detection of, Usteria spp. in 
faeces from animals, in feeds, and In ruw foods of animal origin, bit 
J. Food Microt»ol. 5:229-242. * 

19. Tcrliud, F. M.. R. R. Perdue, and JL U Young. 1984. Piocessiag and 
distribudttg cooked meats in flexible films. Food Technol. 3:67-71. 

20. Toledot^ R. T. 1991. Fundamentals of food process engineering. 2nd 
ed. Van Nostrand Rdnhold, New York. 

21. Wehr, H. M. 1987. Listeria monocytogenes^ current dilemma. J. 
Assoc. Off. Anal. Chem. 70:769-772. 

22. Weis, J., and H. P. R. Seeliger. 1975. Incidence of Usteria 
monocytogenes ra nature. Appl. Microbiol 30:29o32. 


52374-402. 

6. Fleming. D. W., S. L. Cocht. K. U MacOonald et al. 1985. Ptoteup- 
ized milk as a vehfcle of infection m an outbreak of listeriosis. N. 
EngL J. Med. 312:40^407. 

7. Foegeding. P. M.. and S. B. Leasor. t99a Heat resistance and growth 
aS Listeria monocytogenes in liquid whole egg^ J. Food Prot 53:9*14. 

8. Foegeding. P: M., and N. W. Stanley: 1990. Usteria monocytogenes 
F5069 thermal death times in liqpnd whole egg. J. Food Pkix 53:6- 
8. 

9. James. S. U S. M. Fannin, B. A. Agee ct al. 198S Usteriosis 
outbreak associated with Mexican-style cheese. Morbid. Mwtal. 
Weekly Rep. 34:357-359. 

la Leasor. S. B.. and P. M. Focgafii^. 1989. Usteria species in 
commercially broken raw liquid whole egg. J. Food Prot. 52:777-780. 

1 1 . Lee. W. H.. and D. McCUin. 1 986. Improved Usteria monocytogenes 
selective agar. AppL Environ. Microbiol. 52:1215-1217. 

IZ Lovett, D. W. Fmncis, and J. M. Hunt 1987. Usteria monocyto- 
genes in raw miB:: detection, incidence and pathogenicity. J. Food 
Prot. 50:188-192. 

13. McCUin. D.. and W. H. Ue. 1988. Developmeni of USDA-FSIS 
method for isolation of Usteria monocytogenes from raw meat and 
poultry. J. Assoc. Off. Anal. CbcnL 71:660-664. 

14. Srfilech, W. F., P. M. Uvigne. R. L. Bortolussi. A. C Allen. E. V. 
Haldaoe, A. J. Won. A W. Hightower. S: E Johnson. S. H. King. E 
S. Nicholb. and C. V. Broome. 1983. Epidemic listeriosis - evidence 
for transmission by food. N. Engl. J. Med. 308:203-206. 

15. Wci$» J., and R P. R. Scdigcr. 1975. Incidence of Usteria monocy- 
togenes tn nature. AppL MicrobioL 30'.29-32. 


JOURNAL OF FOOD FHOTECTiON VOL 56. AUGUST 1993 


Proceedings 

of the 

1993 



19-21 October 1993 

Nhtick, iih^sadflusetts USA 


Workshop Proceedings prtparrd by: 
SCIENCE AND TECHNOLOGY CORPORATION 
101 Research Drive, Hampcoo, Virginia 23666-1340 
757/865-7604 


FOOD PRESERVATION BY HURDI.E-'IICHNOLOGY 

L. Ldstnor, H. Hedielmann 
Federal Cratre for Meat Research 
D-9S326 Kulinbach, Oemiany 

ABSTRACT 

ThP microbial stabiHty and safety of most fiiods is based on a combination of several^fertore 
,«i understanding of the hurdle^ffect, the huidle-technology has been derived which 

^r^^^rZi^nte of the saffty as well as the.^^ of foods by an intelligent combination-of 
SLTZ^t of a food is achieved by kecS the saf# and quality hurdl^in the optima^ 
^e mI^ tiTw ^tential hurdles suitable for food preservation have hitherto be«,id«itd5ed A 
StitiJ^eTS.^ of the homeostasis of micrporganisnu^could^^^ by hurdle- 

r wt!! S^hi a g^Ue but most efi&tive preservation of f«Kb.T^^^ of huidle- 

^SSV^oXl^Bo^ was d^m^ 

S^^^y) on meat products ^th .fiesl^product^haractfristics which n^fthd^ are 

^^^^nSi^Hfrfca^ co^pei^onv wit^^^^^ ^^f^ 
^cL w^^l^iS wMch fiilfil th^ requiremfentsJt v^^ revealed Ihat^^ tasty and s^ 
S^^^^^ Sght categories, based on different principles of hurdle-technotogy. 
S^^es iSSf q^S fermented sausages, mini-salami. F-SSP. a^^SSP. repasteur»zed a^SSP. 
S SSrCombSsT and autbclaved flat pouches. Since fliese meats should be suitable for army 
by <«ff«*»t ^tei^nses. the ^^^tprmg niust be standaid«ed and 

^^nrfbiriSfore. a linkage between hunile-techiiology and the HACCP-concept^ was 
KJ^TnJ^^SicturiS^ 

^vTtote carried out. however, other process parameters have to be controlled stncdy, and these 
iTtil te^ti^pH. and aw. ThJ, measurements should be done on-line, or at le^ at-lme A 
^SSS^e aiailabkwhich allows reUable a^ determmations of meat p^ucte withm 
J^nchision. hurdle-technology is a fast moving and most promismg field, since 
it provides stable and tasty foods weU accepted by the consumer. 

1. INTRODUCTION 

TTie hurdle-technology has been introduced and fiirther devdoped by our 
1978; 1985; 1987. 1992. 1993; 1994), and proved very useful in the optimization of traditional foods 
as weU as in the design of novel food products. 

1.1 GENERAL ASPECTS OF HURDLE-TECHNOLOGY 

The stability an safety of most foods is based on a combination of several factors (e.g., 
temneratoc pH al Eh. competitive flora, preservatives), also called barriers or hi^es. TTus tos 
SlSltS^by Ae ^iS^hurdle-effect (Leistner. 1978; 1992). According to this concep fte 
i^nt Con the start") in a food should not be able to overcome ("oveqump") the 
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hurdles present, otherwise the food will spoil or even cause food poisoning. For each stable and safe 
food a certain set of hurdles is inherent, which differ in quality and mtensity depending on the 
product, however, they should keep the "normal" population of microorganisms in the food under 
control. If there are only few microorganisms present at the start, then a few or low hurdles are 
sufiicient for the stability of the product. The aseptic packaging of perishable foods h based on this 
principle. However, if due to bad hygienic conditions too many undesirable organisms are initially 
present, then even the usual hurdles inhmnt in a product cannot prevent spoilage or food poisoning 
Furthermore, m a food superior in nutrients and vitamiios, which could foster the growth of 
microorganisms ("trampoline effect"), the hurdles must be enhanced, otherwise they will be 
overcome. On the other hand, sublethally damaged microorganisms in foods ere already inhibited by 
fewer or lower hurdles. If, for instance, bacterial spores in a food are sublethally injured by heat, then 
the vegetative cells derived from such spores lack vitality and thus are easily inhibited by hurdles. In 
some fpods, such as fermented sausages, raw hams, and probably also in ripened cheeses, tfie 
microbial stability is achieved during processing by a sequence of hmdles, which are inqx>rtant in 
different stages of the ripening process and lead to a stable final product. 

An im|>artant phenomenon , w^ch ^teserves att^itimi in food preservation is the homeostasis 
of microoiganisnis (Goiild, 1988). In foods preserved by hurdle-technology the possibility that 
different hurdles in a food might not just have an additive effect on the stability^ but could act 
synergistically is of particular interest (Leistner, 1978). This could be true, if the hurdles in a food hit 
different targeis (e.g., cell membrane, DNA^ enzyme systems, pH, a^. Eh) within the microbial cell, 
and thus disturb the homeostasis of the microorganisms present in several respects. Under practical 
terms this could mean, it is e.g. more effective to use several and different preservative fkdors in 
small amounts in a food, than just one strong hurdle (Leistner, 1994). Tie multi-target presavation 
of foods could become a promising research field, since it would accomplidi a gentle biit most 
effective preservation of foods. 

The hiirdle-effect is of fundamental importance for the preservation of foods, since the 
hurdles in a stable product control microbial spoilage and food poisoning as well as the desind>le 
fennentation processes (Leistner et al., 1981). Fiiitherihore; ih^^^ the 
hurdle cQncept illustrates only the well-khbwn fact that complex intereu:tibhs of a^, pH, temperature, 
etc. are significant in the micro From the hurdle'^ffe^ 

(also called combined processscs," combined ihethods, combiimliibii funes^^ cbcilaniation 
techniques, barrier techhology) has t^n dm ved, siik^e ah intelligent o^inbihatidn of hurdli^ sebu^ 
the microbial l^biiity as wd fbxicold^cal itid je>(^nom^^^ 

food. 

The most important hurdles conunonly used in fodd preservatiori, either applied as process or 
additive hurdles, are high temperature (F value), low temperature (t value), water activity (a^), 
acidity (pH), redox potential (Eh), preservatives (e,g., nitrite, organic acids), and competitive 
microorganisms (e.g., lactic acid bacteria). However, in addition more than 40 hurdles of potential 
use for foods of animal or plant origin, which improve the stability and/or quality of these products, 
have hitherto been identified. These include oxygen tension (low or hi^), modified atmosphere 
(cartx)n dioxide, nitrogen, oxygen) pressiue (high or low), radiation (UV, microwaves, iiradiation), 
other physical processes (ohmic heating, pulsed electric fields, pulsed light processing, 
ultrasonication), new packaging (selective permeable films, advanced edible coatix^s, "smart" 
materials), preservatives (e.g., trisodium phosphate, ethanol, firee fatty acids, Maillard re^ n 
products, spice extracts, lysozyraes, nisin, other bacteriocines), and the food microstructure 
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S^^lott tovScr. not aU of ft«e buriles wiU be con^nonly wlied. .nd certainly no. ai of 
Aem for the same food product. 

If a food is not conuninuted. but eondsts of large pieces of plant Or animal tijjsud. a protection 
aeainst microbial deterioration might be achieved by a surface layer on the food. v^ich^Jtoms and 
^n^ SSibitory substances (hurdles). An example is PasUnn., a ^^^^ P^"<=»^^'\°^^^ 
Snslem countries for which an edible surfiice coafing (containmg garlic, other spices, and a_bmder) 
v^rS^SiwL ri.old growth on the surf-abfe and inactivates salmondlae inside of the food 
LT^toer l^rn Ih inodel f6ods Torres (1987) studied the surfece microbial^ stabihty by i«ing 
^att^^which maintmn preservatives and the desir«I low pH, and he d^^'-*-^^^*,.^^^^^ 
A;r3ace layer ereaUy improved the effectiveness of sorbic acid in the coating. Guilbert (1988) 
u^^lJSiSkl Jble layers for easily perishable fropical fiuits. and achieved a preservation without 
affecting the iiitcgrity of the ifood p^ , . 

Moreover the so-called osmotic dehydration, a dewatering and impregnation pri^^^ 
consists ofSaking foods (fruits, vegetables, meit, cheese, fish) in highly concentrated so^tioiu? of 
s^cTiSSdTSSe Mother hdectant^^ could g^^^^^^ 

SSTe product O^erici et al:, 1988). By this process not brily wateractivity Igvenng ^ 
^m^ZnJZ integer foods, but also preservatives and nutiients as^eU as ^^^^ 
controltheoH t^tUre aftd flavor, and thiis biuld into the prt^^^^^ 

Twdlt tiie S of the food (Raoult-Wack « al, 1992). Also tMs application of hutaie- 
technology could find inany applications. 

Stanlcv (1991) indicateii that tiie hurdle-technology approach seems to be appli^e to a 
wider concent of food preservation, tiian just microbial stabilty, and he sugg«ted thtt e.g.^the 
^f^rSpUt ^daSmal membrane lipids is influenced^ by a nurpber of positive and neg^^ 
e^r^d^SSc fadors. Undo^^^ ««t only applicable to ih^ 

srfeS^ weS^^ of foidS (StecchM et al. 1991)> and tiiis applies to severj oOio; hurdl«, 
^T^mI ^ hu^Sles in foods might iiifluem^ tl^ sensory, nuteitive. t^ 
e^n^Tc pw^e/bf a i^oducl. arid tiie hurdles present might be negative as v^U as positive for 
:^*^SU^i^:ofafbod.^^ 

effect on fbod quality; dei^ndmg ori i^^^^ For iiistance. ^^^''^^^ 

will be detrimental to fhnt quality, whereas moderate chillmg is beneficial. An otiier 
eSertLpH of fermented sausages, which should be low enough to inhibit pathogens, butnot 
^^Jxo^^Lc.ln order to JLure tiie total quality of a.food, the safety and q^uUity hurdles 
should be kept in tiie optimal range (Leistner. 1994). 

1.2 APPLICATION OF HUW)LE-TECHNOLC)GY 

Foods based on hurdle-technology are common in industrialized as well as in developing 
countries. For a long time hurdlfc-technology was applied empirical witiiout knowing *e^gov«j;'ng 
dS£ For insl^ce. the traditional Itdian mortadella, an emulsion tyixj sausage stora^^ 
re^Sorhar^ <iu« » a mild heat process (78«C core temperatjire) still bactenal spores. 
HoAWver bacilli and Clostridia are inhibited in genuine mortadella by a decreased (below 0^5), 
ami this Adjustment (by salt, milk powder, and drying) was dohe for a long time without knowl^^ 
of the reason (Leistner et al.. 1981). Otiier examples of empiric applied hurdle-technology revealed 
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an extensive study done in Latin America on traditional foods ; of the region stpiable widtput. 
refiigeration. In, the course of this study (CYTEDh-D PROGIRAMA) in total 266 food iteins,, 
representing fruits, vegetables; as well as foods doriyed fiom milk, Gsh, ceieals and meat, vtao 
identijfied which are stable andrs£^e >wlthout refirigeratioiL The majority,^ items were 

intermediate moistare foods, however, rnany were based on empirical applied huidle-technol(^, 
since their a^ was iii some instances as hig^ as 0.97 (Aguiloa et al;, 1990), 

Often the stability and safety of intamediate onpistiire foods (IMF), vAdch have an a^,^ in thcf 
range of 0.90 to 0.60, is also based on hunfle-technibiogy (Leistner and ROdd, 1976). If the a^ of 
IMF is quite low, thai the addition of too high amounts of humectants (such as salt or sugar) is 
required, and this could be undesirable from the sensory and nutritional point of view. Theiefore, 
efforts are made to iinprovethe quality of such foods by decreasing the sugar and salt addition, as 
well as by increasing the moisture, content and a^, ^loweydr, without sacrificing their microbial 
stability and safety if stored without refiigeration. This is adiieved by an intdUgmt application of 
hurdles;, A case in point is a novel dried ineat product of China based ori, hurdle-te(W>logy, because 
the traditional product J[lou 6an) Iia4^^^a^ Ovv Mow O.7Q, vtliereas the new product (Shafii). with 
much superior sensory pri9perties, has an a^ of t*ouft 0.79 <Wang and Leistner, 1993). In addition, it 
could be mentioned that pet foods used for c^ and dogs had before (plication of huidle^echnology 
an a^ of about 0.85 and thus contained excnsive atnoim of propylene glycol, but fliey fae now 
stable and safe unrefiigerated with an a^, as high as 6.94, \Mch improves the nutritional, sensory 
and economic ]xoperties of these novel pet products. 

Traditional and novel high moisture foods (HMF), with an a^ above 0.90, which are storable 
without refrigeratidn, are on the iricrease too. Before they were produced empirical, but now often by 
an intelligent application of huidle-tecfanok>gy. This is Uve e.g^ for raw, fermrated sausages (salami), 
where by a sequence of hurdles tite fo(^ poisoning and spoilage organisms are iiihibited, and, the 
desired competitive flora (lactic acid bacteria) is selected. Important Innrdles in the early stage of the 
ripening process of salami are nitrite and salt, wUch inhibit many of die bacteria in fl» batter,^ others 
multiply and cause the oxygen tension and die redox potential of die product to decrease, and diis m 
turn oihaiices the Eh hurdle, which inhibits aerobic organisms and favors the selection of lactic add 
bacteria, v\iiich dien flourish, cause acidification of die product and thus an increase of the pH huitUe. 
In long-rip^ied salami die nitrite is dqileted and the lactics decrease, ^iiile die Eh and pH increase 
somewhat Therefwe, only the a^ hujdle is strengdiened widi time, and it is mainly re^xm^te for 
the stability of long-ripened raw sausage (Ldstner, 19S7). SiiKe diis sequence of huidles has been 
revealed, the producti<»} of ferment«4 sausages became le^ 

Heated high moistine foods based on hurdle technology, and dius sfanable widiout 
refiigeradon, are shdf-stable products (SSP), \v*ich ofiisr the following advantages: die mUd heat 
treatment (70 to 1 1 0**C) improves die sensory and nutritional jnopalies of die food, and the lack of 
refrigeration simplifies distributioii and saves energy during ston^e. SSP are heated in sealed 
contauiers (casings, pouches, or cans) which avoid recpntammation, but d^ still contain viable 
spores of bacilli and Clostridia, y/hidi are inhibited by ffi6 ac^ustment of a^, pH, and Eh as well as in 
the case of autoclaved sausages by a subledial iiyury of diese spores. Diffenalt types of SSP meats 
are distinguishable, dei>5nding on die primary hurdle^ even additional hurdles foster dieir safety and 
stabUity. In one type, die F-SSP, die subledial daniage! of spores is die primary hurdle, and an 
example are autoclaved sausages whidi in a considerable variety are inevalent since about ten years 
in German siqiermarkets. They are stored unrefiigerated for several weeks, and have caused no 
problems widi regard to food poisoning or spoilage, because guidelines for dieir {Hocessing have 


514 


fflecheln>«m ^ LUstaiai 1984). TSe slaMiW of mother W the aw-SSP. ■» 
T^^e^tetion of <he ««tef bdow 0.95, md «<»nples «e the Mm 

•^^I °^^i^^fwhdro.iwun», MKl gmdeltoes for their pftoesstog have been wiggestal 

'^^l i^fel iTftS^geldLe ™k«or*. raentionedfcy Leistner (19»7), which is 
pnaeiple « 'J,, md is exported by the NetheHaiids in large qiMKtitiei. to Britain: 

• t^^ SmW-sTa combination of equal h«dles is applied, «k* of those 

Fnjdly m the ^^.^^ Wai;., whieh shodd s»ing fion. thenl^te to a stable state 

^^'SS^^ri^A^-ctyOf^^^ 

"jSi^cSl SaXaTof its nntriUve value and chattCosUc ti^K. However, 
eonsumed «f J™* '^^^.^'Jin often at 35'C) within two d.^ Together with a'v«t«|B 
paneer spods ,^ ^ developed a Wildly heart |iaiieer in Wns. with the 

^l^'^rMd tei^rSJ«SeS^« 
■^^i^^^^L^Sons which p«>V«d suitable .w = 0. - 0:« - pH - 5.0 or .« 

^tls^ " o"^H~?- 0 (Rao et al., 19fe lUo. 1993). With thU study die J««"f-«''^'?«^"r 
S2^„;^ iSo fSS s.ien« of tadia. «.d: its application to a variety of »digeno«s foods is 

anticipated. 

2. HURPI-E-TECHNOLOGY APPLIED TO ARMY PROVIONS 

The Federal Centi« for Meat Research at Kulmbach, Germany, has received^a i*^h ©r^t 
fV«™ thl^S^Tc^S^f the Gennan Army, which had the objective lo explore the POtei^dals fo^ 
S me^J^uSSbilized by hurdle-techr.ology a. arrriy prov^iohs Su^^ would be 

attractive if ttiey taste iike fi«sh arid need rio i^^ 

2 J EmnmON OFTHE ARMY PROJECT 

Meat oioducts should be recommended which have fiesh-product^^c5^d^«W 
L r rtf^S^^ for at least six days at 30*C Refrigeration must net be required, because 
be ^\f^^^^^Z%^ SitS exercises. Hie meats selected should be real products, 
'^'^.rrth^^^^^^ their stability should be improved by a 

:JSmca^r!^fSuSw;ik^^ 

TABLE L CATCGORIES OF THE RECOMMENDED MEATS 

1. Quick-ripened fennented sausage. 

2. Mini-salami (two different types)^ 

3. BrOhwurst and liver saiisage as F-SSP. 

4. Med brflhwuistasayv-SSP. 

5. Rcpasteurized brOhwurst as avrSSP. 

6. Brawns and briihwursf as pH-SSP. 

7. Itemsof brdhwurstasCombi-SSP. 

g. Briihwurst in atitoclaved flat pouches. 
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like bought in delicatessen shops» but need^ ik> refifigerdtfon. This irivitatidii follovf^ . 24, 
manufacturers and they suggested 100 of their products, of whidi 75 proved safe and stable aftor 
incubation. We bought fibm each df thes^ itratis ten samites and scrudnized them fd' th 
physical, chemical/ itficrpbiologidJ aid technological characteristics^ i^^^*^ results obtained have 
revealed that thesfe tdsty arid stable 75 items repjnesented eight categories,* with the safety and staHlity^ 
based on different principles of hurdle-tedmology ((fechelmann et al., 1991X These eight categpriesr 
.are listed in Table • Iv- • • --^v.- i;.,n • 

22 DESCRIPTION OF THE SELECTED MEAT&. : - rh > T 

A detailed description of the compdsitioh and processing of the selected tpeat productijup^ 
been giveri-in our Final Report 0{echehnann et al,, 1991)^ ^ch was published by die Mecfijoa^ 
Corps of the Germari Army. An English translation of these results is in prq>aralion, Th^ 
voluminous and thus cannot be lep^ However; the most inq)ortant critical control points v 

(CCP's) for each of the eight categories of meat prtklucts^a^ v 


TABLE 2. PROMINENT CCP ^s FOR THE SELECTED MEATS 


Category 


Most importairt jaidcal p^^ 


1 ^ Quick fermented saiisage 


2. Mini^salami 


3. F-SSP 

4. a^SSP 

5. Repasteurized dy/SSP 

6. pH-SSR 

7. Combi^SSP 


8. Flat pouches 


pH below 5«4;;By below 6.95; startler : 
culture^; smblce; (modified atmosphere). 

As fermented saudage: a^ below 0.82. 
As litried btOhwurst: a^ below 0.85: 
Alurniiimm^p^kc^^ 
as well as oxygen. ' 

F above 0;4;a^ below 0;97 or 0.96; 
pH below 6^ PVDC casings. 

PrpduGlcor^ tempenitiire 75*C; , 
z,^ be^Qw 0,95; uncut surface; stnifcci 

Temperature above 75^C; a^ below 0.95; 
pH belpw 6.2; ^^ packa^ng healed for 

pH below 52; Kol filled and heated to a core 
tempmture above 72^C. 

Low initial spore count; nitrite at leas^ 
1 00 ppm; core temperatine above 72X; 
a^ below 0.965; pH below S;.8;i^^ 
piu^lcag^g45-^j^ 

Aluminium foil with vacuum; diameto* less 
than 3 cm; F value rriore thari 2.5 ("tk^tulihum 
cook**). 
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2J LINKAGE OF HURDI^-TECHNOLOGY WITH HACCT^ 

Since large and smaHenteiprises must be able to man foranny 
Divisions, in case they obtain a contract, the processes^ have^tp be spelled out in deJiUn oid^ to 
^me idaidized and repitiducible. Tiiis detailed description ^ have done on the basis^of Ae 
S> ITricept. and for i»roducts of each of.the eight categories of.the seleded nieats for^^e 
v^ss control 15 - 20 critical control points (CCP's) have been defined; the most ««P«rtant CCF s 
L listed in Tab. 2. Herewith for the first tune a linkage between hurdle-technology and the HAGCP 
concept was introduced (Hechelmann et al., 1991; Leistaer, 1993). 

In the processing of the meats recommended, no miaobiological tests are necessary in the 
manufacturing plants, however, other parameters have to be controUed stricUy, tod .these^ 
teZmture, pH. and a^. Tb^ measurements should be done on-line orat least at-lme^To measure 
S^^^^pemL. and pH poses no proble^^^ the measurement of the^ water 

«:tivity with conventional instruments takes about 3 - 4 hours. Fortunately, now a new mstnun^t 
(iw-Kryometer) is available, which aUows very reUable aw determinations of meat products withm 
lb - 20 minutes 0R5del et al:, 198^. 

nic army project also raised the question, how food design should be done b general, by 
applying hurdle-technolbar combined with HACCP, and possibly ^th predictiye mierobioloBr too. 

p^ctive microbiology (GouM. 1989; McClme et al., 1993; McMeeKng et al. 1993) « a 
promising concept which alloWs coriiputw-bbed predictions of microbial growfli, survival and deatti 
L foods However, the models feasible for predictive microbiology can hitherto mjMge only 
relatively few parameters (hurdlesX le. temperature. pH, aw, aerobic or anaerobic conditi^ and 
feTprJervatives (e.g.. ni^te or lacfic add or carbon diw^^^^ mentioned above, diere are 
n^er^ther poie^tid hurdles. M*ich are in^pprUmt for the stabiUty and safejr of f^-^"^' 
predictive microbiology camiot be considered to be a quantitative approach ^^l^"""*^^®^ 
Ld it cannot replace challenge-tests of foods with relevant microorganisms. However^ predictive 
microbiology can narrow down conjdderabty the range in whidi chaUenge-testing must be done, and 
^this cerfaunly saves time and costs in prodiKA devd^menl 

&i Table 3 for the design of foods 10 steps are 
which have proved appioriate in th^^developifie^^^^^ 

3 CONCLUSIONS 

Hurdle-technology allows a gentle but efficient preservation of safe, stable, nuteitious. and 
tasty foods storable without refiigeration. This has been demonstrated by the selection and 
improvement of meat produts with fiesh-product-characteristics. storable without refrigeration, and 
suitable for army provisiobs during military exercises. 

The application of hurdle^twhnology is approriate for cWlled foods too. because e^^ 
of temperature abuse the safety and stabilty of these products wiU be maintained. 

For the optimization of traditi nai as well as for the development of novel foods a ten rtep 
procedure is suggested which could prove useful in food design, since it combmes hurdle- 
technology, predictive microbiology and HACCP. 
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TABLE 3. RECOMMENDED STEPS FOR FOOD DESIGN 


L Fii^ for the podiiied or novel fi>od product the desired sensory properties and the desired 
shelf^Ufe must be defined^ 

2. Secondly, a tentative technology for the production of the food should be layed down. 

3. The food is now manufactured according to this technology, and the resulting futxluct is ana- 
lyzed for pH, aw, preservatives or other inhibitoiy factors, and the temperatures for heating (if 
intended) and storage are defmed. 

4. For preliminary stability testing of the suggested food produK^t, predictive microbiology 
should be employed* 

5. The product iis how challenged with food-poisoning and spoilage microorganisms, using 
somewhat higher inocula and forage temperatures fhan^^^^ 

6. If necessary tfie hurdles in the produd are modified, taking the hdnleostasis of the micro- 
organisms and the sensory quality of the food (i,e,, "total quality**) into considemtion. 

7. The modified product is again challenged with relevant microor:g;anisms, and if necessary the 
hurdles are modified once more/Predictive micrbbioli^ for assessing the safety of the food 
might be helpfiil at this stage too. 

8. Now the established hurdles of the modified or npvel food are exactly defined, including tole- 
rances. Then the methods for monitoring the process are defined^>referably physical methods 
should be used). 

9. Thereafter, the designed food should be produced under industrial conditions, becai^ the 
possibilities for a scale-up of the proposed process must be validsit^^^ 

10. Finally^ for the industrial process the (^itical control points (CCP's) and their monitoring has 
to be established, and thus the manu&cturing process should be controlled by HAGCP. 
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Hurdle technology was devebped several years agb as a new 
concept for the production of safe, stable; nutritious, tasty 
and economkral foods. It advocates the inteltiger^ use of 
combinations of different preserva^ factors or techniques 
{'hurdlesi in order to achieve multi-targeC mild but reliable 
preservation effects. Attractive applications have been ident- 
ifed in many food areas. The present article briefly intro- 
duces the concept of hurdle technology^ presents potential 
applications and gives details on a recently concluded study 
concerned with this topic and to M^ch scientists from 
1 1 European countries have contributed. 


The spoilage and poisoning of foods by microorganisms 
is . a problem that is not yet under adequate control, 
despite the range of pieseivation techniques available 
(e,g. iieezjftg, blaifiching, pasteurizing ai>d canning). In 
fact, the current corisumer demaiKl for noore natural and 
fresh-like foods, which urges food manufacturers to use 
only mild preservation techniques . (e.g. refrigeration, 
modified-atmospbere packaging and bioconservation); 
should make this problem even greater. Thus* for the 
benefit of food manufacturers there is a strong need for 
new or improved mild preservation methods that allow 
for the pnxhicdon of iresh-like, but stable and safe 
foods. The coi>cept of hurdle technology is not new but 
addresses this need in fulU^. 

Hurdle technology (also called combined methods, 
combined processes, combination preservation, combi- 
nation techniques or barrier technology) advocates the 
delibmte combination of existing and novel preser- 
vation techniques in order to establish a series of preser- 

* Revised veision of an atticle publUhed fn 1994 in Voedingsmkheten- 
technokjgk 27i2M I.M7 Hn Dutchl AimCNA 4, 17-19 (in 
Portuguesel. 
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vative factors (hurdles) that any microoiganisnis piesent 
should not be able to avercoTne'-^^ Th»;e hurdles may 
be temperature, water-activity (a«), redox; potential;' 
preservatives, and so on. It requires a certain amotint of 
efTort from a microorganism to c^verccmie each huitlle. 
The 'higher* the hurdle, the greater the efTon (ix. the 
larger the number of organisms needed to overcome it). 
Some hurdles, like pasteiirization, can be high fcH* a 
large nun>ber of d^Terent types of microorganisms, 
wjNmas others, like sail content, have a less strong 
effect: <n' tfe effect is limited in the range of types of 
microbrganisms it affects^ 

Tte that, a combinaitioir 6^ facton 
ihflbences the nucroibi^ stability cuid'safe^ of foods has 
been known fbr many cdit^^ The concert is more or 
less unponsciously i^kl in : many tracfitiona] foods, es- 
pecially in the developing countries. It was rc-inventcd 
some 15 years ago in the meat industry where the con- 
scious employment of hurdles was found to be highly 
favourable for the production of shelf-stable saus^ges^. 
The concept is now ready to be introduced for Cise with 
a much wider range of food products, including fhiits 
and vegetables, bakery products, dairy fnoducts, 6sh, 
and so oni Several novel preservative factors (e.g. 
gas packaging, bioconservation, bacteriocins. ultrahigh- 
pressure treatment, edible coatings^ etc.) that spedfi- 
caUy facilitate this development have been asse$sed^ 

Hurdle technology is a crucial concept for the mild 
preservation f foods, as the hurdles in a stable product 
concertedly control microbial spoilage and food poison- 
ing, leaving desired ferroentati n proces.ses^naffected. 
Because of their concerted, sometintes synergistic ef- 
fect, the individual hurdles may be set at tower intensi- 
ties than would be required if only a single hurdle were 
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used as the jpmervati n technique. The ap^^cation of 
this concqrt has prpyeo very successful, as an aj^xropri- 
ate comlnnatifm of hardies actueves micrdbial stability 
and salet/ ^d ais6 stabilizes the'seh^aiy/nutiidve^^^^ 
economic propeitiesi^ 

Examples of the hurdle effect 

A food prodik^ is mic^obioi^^^ stable and &afe 
because of tfie j^sebce of a set of hurdle? that is 
spiecific fcMT the j^aitieular produd, in tmns of the natioe 
and strength of their effect Tp^e^, dje^ Wdlcs 
spbilage 6r pathbgdiic micnxvgiaAis^^ 
because these nudMorgiuusm^ csjinot oVeircon^^ Cjomp 
ova*) all of the hurdles present Examples sets of 
hunfles arc* iOustrated by Fi£3 la-c. the example sJtK>wn 


in Fig. la represents a food containing six. hurdles: high 
temperature during pocessing (F value), low tempera* 
turc (^i^^^orage (t valueX l<w water activity i(a;); 
acidity (pH) and low redox potential (EhX as Well as 
preservatives (pres.) Jn the ptoduct Some of the micros 
wgamsms presatf can overcome a nuinber^^ lnin^ 
but hone can jump over all- UM^vburdles used together;^ 
Thus the food is stable and safe. This example is o^ k 
theoretical case; becau^ all hurdles are defncted ai hav- 
ing the sam&inton8iiy,.wl^ the case in prat^^ 
tice, MoreJikeiy, hurdles are of different intensi^^ as iik' 
the sepond exan^^ (see Kg: lb), where a. aiid prcscrvi^ 
tives/ane the main hurdles and storage ternperati^, pH 
and Eh are minor hurdles. If there are only a few i^ic^ 
organisms jaescnt at the start (sec Fig. IcX fewer diifi^ 
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pH 
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Fh« exanv>te of the hurdle e*to used in food 
or sequentially, depending on the type of hurdle 

low water activity; pH, acidificationi Eh, low redoif potertUJ; pres., presenotives; V, vitamins; N, mrtricrm. See te4 for detaifs. 
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hunllcs <^ .^"f^^^v^^^^^ On &e otter «f h'gh 

numbers of 'nictc>^S of hurdles may not 

hygienic ^^^'^^u^ig^ or fc«)d poisoning 
suffice to P^^^JS^n ia ^ 

in numcnts and ^^^.^j ^^c micioorgaais^^^ a 
sf^'^?^^^^^ (^boosler 
rSJ^ Rgs Id and le^- 

ditional or higher 
stability. 


Using h^^li^^if ^e stable at ambient tempeia- 
ages can be P^**^^^, of time. The miciobial stab- 
ture for «fn<5tv Ae use clf a combinatioo of huijiles 
"•'»y » '^^^^^tJft^erent sugesof the ripening 
rt«i are important «^J^ _^^^ p^^ 
ces^ leading to "^sulje^^p^^ of salami 

aiethepreservauy» However, 
of the »««^t<?'» PSSy use up oxygen and thereby 
'^^n^wW* Uwc organisms 

cause a *°P^«*V^o„ of lactic acid baciena. V» 
'^''''.^^itSa^^omish. causing acidlfi^^^^ 
«c «id bactena ^ ^ ^^^^ np^wg 

Uje product and ««««« 

of the salami. *^ ^ ^ j„„ber of lactic acid bac- 
'r^; g^^H in^. on the other hand, 

icnadecreasesi ^ ^^omes the main 

a, decreases sa»«age«. Increased aware- 

hurile in to"^jnffSL of the various hurdles used 
^ of theconc«tedrf^i^^^^ of fomented 

sausages less ^ (e.g. cheese and veg- 

'S^t'Sr^loSTfor the stabmty and quality of 

ihe pioducB. approach has also been f stab- 

f^SSweSLted foods, for inj^^^ 
hshed for use . p^ta product In 

.heproduc^n^'^';"^^^^^^^^ 
thisxase. «^r=^2'Xring pT0«ssing. in addition to a 
^'"^ZJ^.TtJc or etSyapour in the package 
?J 1 oTCoduct during storage and retad d«- 
'T" *S I i P. Sdom, PhD thesis. Univereily of 
play (Ref . 8 anor 

and ««icHKOod. «,dilionally preserved using 

hurdle teclmog^ some 260 different food items 
r "T^ffS vegetables, fisb. dairy products, meat 
'T often had a higb (sometimes^ 

^^ u^St^ Sid that were stabl at ambient tempcra- 
^^T.^^'Qf^ several months'. Based on *e 
•'^ ^iSledgeoftheprinciplcsunderiymghurdle 
.„a«.=*dknov^ ^ ^^^^^^ ^.^^^^ .nvolved in 
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mtchsity. Mprc^yc^^*^ technol gy concept, 

the objective i^dr)%^ growth and proliferation of 

undcsiied orgSii^S^raA^^ to actually ki]| ibcm, 

thus allowing f|pi^^^^^ hurdles that arc not too 

Another phcripm^non :6f practical relevance is 
referred to as thcVaiiitoster^ of stable* huidte- 

preserved foods. ; I^siSome . stmbient-temperature-stable 
meat products contining^^ and bacilli spores 

that had survi>^ the teat/tro^ applied during jaro- 
ccssingi it has biscii bi«iqr/^^ of these spores 

are able to gerininate idato^ cells, but that 

these appear not to bcWiajS;^^^^^^ off. The 

viable spore count thus shi|*sf^^ during 
storage*'**. The same pbe^ip^^ been observed 
for several bacteria^ yie^s^^c^ hurdle- 
preserved fruit products; stOj^^iH^tf^je^ A 


preserved fruit products. stomJ^igjiPf a 
gciieral explanation for Aefpfi^ be that, 

because erf the elevated tcmp©|2fe and 
pnibably iigge^ rai&obial fgitw^^^^ cells 
strain every possible repair meclji^Sj^l^ the 
v^bus hiirdles present in dolng^^ffle^pfome mcta- 
bolicdly exhausted; they con>plefeiyiu^^nbeir energy 
sendees and die. Thus^ because of sue h^aj^c^OT 
hurde-pr^crvcd' foods tlw^ are micrc*i5^g^jly : stable 
become even safer during storage, 
teiiiperanireS*. J [ 


l<^bient 


used important hurdles are high teinp^ratiire* low tern- . 
peranire, low a«, acidi^, low redox potential^ com^ 
petitive microorganisms (e.g. lactic acid bacteria) and 
preservatives (e.g. mlrite, sotbate and sulphite). HoweveTt 
many other hurdles are of interest because of dieir po- 
tential for use in food preservation. Recently, a group of 
scientists from laboratoiies in II different European 
counnies; spoasnred by the European Unioii's FLAIR 
(Food-linked Agro-industrial Research) programme, 
smdied the traditional and novel hurdles uised in food 
preservation in detail, and compiled a report to docu- 
ment their findings^ This report gives an introduction 
to the application of combined processes in food pieser- 
vation. presents practical exainples of foods jveserved 
by combined processes and describes various pieserv- ; 
ative factors ('hurdles*) that have the potenHal to be ex- 
ploited in food (Mcscrvaticm. A numbdr of relatively new 
hurdles are discussed in the form of mini-ovefviewis. 
Anwng othnSt the emerging hurdles include ulttahigh 
pressure, modified-aUno&pbere packaging; Jbacferiocihs 
and edible coatings. Hie report has been Writt^ to as- 
sist food processors, scientists and students who are 
interested in the field of hurdle technology to ap|4y this 
gende preservation system to our foods. A copy of the 
120-page final repoit can be obtained free of chaige by 
contacting the corresponding author. 


Up to now, -50 different hurdles have boehiii'd^ngM 
for WW in food preservation (Box 1 ); The roost ccwm^^ 


Box f . Potential hurdles for use to the preservation of feckhf |r^-> 

Highrtemperature (sterilization, pasteuriraitibn and blanchir^^,; 

fowftempefalwie (chilling and freezing), ultraviolet radia^iiff^' 

ionfcting radiation, elcdromagnetk: energy (microwave energy;? 
; radiofrequency energy, oscinating m^ic field pulses arid 

h{gh electric field pulses), pho>todynamic inactivation, ultrahigh 
I presure, ultrasonication, packaging fHm (plastic, multi-layer, adive 

coaHr^ and edible coatings), nnodinedatmosphere packagmg 

(gas packaging, vacuum, fnoderale vacuum and active packaging), 

aseptic packaging and food miaostrticture. 

Physiirbchetnkalhimies: 

Uw water activity M ^ pH* 1?^ redox potential (Eh), salt 
(NaCb, niirile. nltraie; caiboo diofipde, oxygen, ozone; oi^anic 
acidi lactic acid, lactate, acetic acii acetate ascwbic acW, sul- 
phite; smoking, phosphalfes, glucono^4^clone, pheoob, chelators^ 
surface treatment agents, elhanol, pibpylene glycol, Maillarrf 
reaction iwoducU, spices, herbs, lactcyheroxidase and lysozyme. 

Microbtally derived tordte: 

Com(>elitive ffoja, protective cultures^ bacteriocins and antftjibrics. 
Mkcellaneoustttn^ 

Monoiauiin, free fatty acids, chilosan and chkmne. 

* A description of the various hurdles and their applications in food 
preservation is given by B«)gh.Sorenicn" 


The future of hurdle technology 

There has been increasii^ interest in the design and 
application of hurdle technology in food preservation 
over the past few years. It is expected that this devel- 
opment will proceed in the liear fiiturc, especially 
as national and intemational funds havci now been estab- 
lished that should allow for (pre-)competitive studies in 
this field. The Cotnniission of the European Union, for 
. instance, has taken up the area <^ comt»hed processes as 
ii a priority theme (area 33.2) in the forthcoming AIR2 
f f •AgricuhuTB and Agro-indiistry, including fisheries; 
^^Ajtiilso including food technology, forestry, aquacuhure 
l i^iiKl rural deyelopmeht)] programme that rims under the' 
S^Swrih iWie work initiative fn>m to 
' /^•ithe coinbinatiOT of various hurdles in the processing 
A ^d Storage of foods has the primary target of obtain* 
in^ safe foods that arc stable with respect to microbial 
spoilage, using as mild a treatment as possible. HoW- 
ever, the concept of hurdle technology may also con- 
tribute to improving the organoleptic quality or total 
quality, of foods as perceived by consumers, and devel- 
opments in this respect are also expected in the near 
future. 
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The development of 
process flavors 

Charles H. Manley and Sajid Ahmedi 


The scientific; aittstk: and regulatory aspects <rf process 
ffavors are reviewed. The rofc of the flavorisl as it relates to 
the creation of process flavors for commercial purposes, is 
disaissed. An overview of the chemistry arul analytical tech- 
niques used as toofs for the artistic approach is also given. 
In addition, the development of Ixjfldtf^ btocks' for flavor 
creation is discussed, and comparisons are made between 
the methods used for the creation of classical favors versus 
process flavors. Finally, the regulations relating to the safiety 
and labeling of these flavors are considered. 


r Mm*s interest in 'cooked' flavors started with the evol- 
ution of the human species, and man is the only repre- 
sentative of the animal kingdom that has established the 
practice of cooking food btforz eating it. The use of fire, 
and subsequently other heat sources, to render a raw 
material palatable is one of man's higher intellectual 
achievements. The' creatfon of a 'cooked* flavor presents 
the flavoiist with a major challenge. 

Chemistry, particularly analytical and natural product 
chemistry, allows for the further development pf our 
basic understanding trf' thc components that ai^ |pring 
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Review 


the cooking of foods and the ntechanisms involved. 
Many excellent reviews covering this area of chemistry 
have already been published'-'. This article will 
those areas in which chemistry can assist the flavorist in 
creatii^ flavcH^ that are developed by the use of die 
'process* of cooking. 

The flavorisfs approach 

TTie: flavorist*5 approach to flavor development is a 
creative one, but with a scientific foundation. Let us jRrst 
review how the flavorist sets at>out the task of creating 
flavors from scratch. 

The most important step is to Brst evaluate the target 
flavor in descriptive terms. A commonly u.sed method is 
to descril)e the flavor's character in terms of its top. 
middle and l>ase 'notes'. The flavorist draws opoii experi- . 
ence gained from past work on different flavor blends. 
An ingredient that might be suitable f<^ providing a ca- 
tain top note may adversely affect the middle and base 
notes; therefore, a vast amount of expnience as well as 
a degree pf artistry are needed to eiffe^vely combine 
these notes to produce a well-balanced flavor. 

Sensory evaluation methods may help define the 
flavor in terms of its attributes and strei^. A small 
panel of sensory experts (5-8 flavorists) is needed to do 
this. Efforts are focused on selecting appropriate de- 
scriptive terms (usually 6-8) that relate to the character 
and quality of the flavor or taste. 

A more in-depth evaluaticM may be accomf^isbed'by 
using analytical methods such as the extr^on of vol- 
atiles, followed by their separation using gas chroma- 
tography and aroma evaluation of the separated compo- 
nents (olfactometry). A number of good reviews on 
such methods for evaluating, a flavor can be found in a 
recent publication^. By the use of these mediods, the 
important volatile flavor components can be identified. ' 

Once Ae basic fcmnula of a flavor has bera obtained 
using the analytical methods, th flavorist is .ready to 
put artistry to work. The aroma components that have 
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Meat QUAUTY AND MEAT FMXACINC. 

EOTTEO tv Sandy A. Taylor, Antonio Raimunoo, Mauhizio Scvermi and Frans J.M. SMULOEfb 

EXTENDING THE SHELF-LIFE OF CHILLED 
READY MEALS 

Robert Shaw 

Campden & ChorUywood Food Research Associanon (CCFRA), Chipping Campdat, Glouastehhire, 
G1556LD, UK 

The growth in sales volume and variety of chilled^ short shelf-life, rcady-to-eat or reheat ready meak 
(mostly meit based) has been a notable feature ih the UK food retailing scene over the last 10 years. These 
products now represent a significant sector of meat consumption. However; the safe prodtictibn of such 
products, and die achievement of even the short product lives currcndy claimed, rests heavily on hygienic 
production (the 'high risk* cpnccfpt) and on strict temperature control throughout production, distribu- 
tion, display and sale, llie practical apph'cation of these and other tonsidcmtions to safety and shelf-life 
is described in this paper, before going on to consider ways of extending life These include extending 
factory buffer stock holding time by use of 'deep chilli or by freezing followed by carefully managed 
defrosting. Extension of shelf-life during distribution and display can be obtained by post-pack pasteur- 
ising of the produa, either by conventional means or by microwave, bur the addition to shelf-life which 
can be achieved is limited by the hazard represented by potential presence of strains of Clostridium botu* 
tinum in sealed packs which typically have little or no headspace. 

Keywords: chilled^ ready meab, safety, shelf-lifc 
INTRODUCTION 

The UK is probably one of the most active and dynamic markets iiii the world for new food and 
drink products. Products Intelligence (PI) at Campden & Chorlcywood Food Research Association 
(CCFRA) seeks to identify and report all new products found in UK supermarkets. Even in an 
economic recession, the rate of introduction of hew products has continued to increase rapidly, as 
shown in Table 1. 


New products identified in the UK 
(Source: Product Intelligence, CCFRA) 


Year Meat-based Fouhiy-hased Ail siecton 


1990 

417 

189 

2933 

1991 

537 

305 

3233 

1992 

548 

34i5 

3823 

1993 

537 

362 

4525 

1994 

525 

379 

4815 

1995 

586 

371 

4596 


359 


From these figures it can be seen that following rapid growth in the UK in meat- and poultry-based 
products in 1990-1992 which formed part of the rapid growdi f all new food products during this 
period, the more recent period f 1993 to date has seen a Icvelling-off of growth overall, although the 
number of meat-based new products has continued t increase with 1995 recording the highest figure 
yet In this sector. 

A major contribuuon to the achievement of these figures is made bjr the retailers^ In the UK» the niajbf 
supermarket chains dominate the food industry to a greater degree than elsewhere. The retailers appear 
to have an almost insatiable appetite for new products, and the outstanding profitability of this seaor 
su^ests this is a well-founded policy. The standard bearer for many years was Marks aiKl Spencer> compare 
atively small in food volume terms but a major influence in terms of quality and innovation. Especially 
since the mid- 19805^ other UK retailers have sought successfolly to emulate die standards established by 
Marks and Spencer. Conscqiicndy, as Table 2 shows the UK carry the retailcr^s own label as opposed to 
a manufacturer's brand, and it is expected that retailer. 

xable 2 newproductsinthe UKiN 1995 (Source: CCFRA, January 1996) 


Manufactiutf^s Retailer ii Total 



brands 

brands 


Frozen 

347 

232 

579 

Chilled 

481 

1695 

2176 

Ambient stable 

1045 

796 

1841 

Total 

1873 

2723 

4596 


These figures show that from a position ^vhcrc new products under manufacturers' brands 
and under retailers' brands were almost equal in numbers in 1992, by the end of 1995 
retailers were wdl ahesul of manu&cturers, especially in the chilM 
is dominated by retailers* brands in the UK. Mcat-based chilled ready meals arc alindst 
cxdusivd|y the province of retailers' brands. 

Sales of chilled food have increased ahnost threefold in die six years 1986 to 1991 (EIU Retail Busi- 
ness, 1 992). This growth came mainly from pizzas, pasta products, pre-packaged (green) salads, and ready 
meals, with ready meals by some way the largest contributor. Sales of chilled ready meals, adjusted for 
inflation, increased from £11 5m in 1986 to £244m in 1991 (ibid.). 

Much of this growth in chilled ready meals came from the expansion into this sector of supermarket 
chains other than Marks and Spencer. In 1985, the year Tesco went into chilled ready meals, it is esu- 
mated Marks and Spencer had in excess of 95% of the market for these products, which that company 
calls 'recipe dishes* (for the purposes of this paper the expressions *rcdpe dish' and 'ready meal' can be 
taken as synonymous). Since dien, Tesco and other major supermarkets Q- Sainsbury, Waitrose, Asda, 
Safeway) have increased their share of the market for chilled ready meals. By IS^l , the share of Marks 
and Spencer had fallen to 55%, although their volume had increased in a growing market, and the assess- 
ment of PI-CCFRA is that Marks and Spencer continues to lead the way in terms of innovation and 
quality, although their lead over other retailers is narrowing. The contribution made by 'brands' 
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! 
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(manufacturexs' brands) has never been large and proportionally is falling^6% in 1991) (ibid.)* 
• The inajority of dulled ^dy meals arc meat based r contain poultry. They now form ^n outlet ibr 

meat raw material in the UK of considerable significance, especially important because the meat required 
needs almost invariably t be of the highest quality, and represent the greatest opportunity to achieve 
added value for the meat processor and meat products' manufacturer. Sales volume of meat- and poultry- 
based chilled ready meals has continued to grow since 1 993, confirming the importance of this group of 
I products in the meat products sector. 

j These chilled ready rneals present the consurner with the opportunity to serve in the horhe meals of 

the quality normally only to be found in good restaurants, oflFering cuisine from around the world, the 
leading varieties bduig pasta-based/Italian (23%), traditional British (20%), Indian (19%), and Oriental 
(1 5%), with Mexican and cuisine of other nationalities and r^ons showing significant growth (ibid.)^ 

PRODUCTION OF CHILLED READY MEALS 

The production of cooked ready meals is essentially a cook-chill operation. In Fig. 1 is shcywn the sequence 
in a typical operation where the meal components arc cooked (each for a time and by a method optimal 
j for that component), cooled, then cold assembled under high-risk conditions. 


Flow chart of cooked meat products manufacture 

• IVepaie raw materials and recipe 

• Cook 

• Cool 

• Hold chilled 

• Assemble 

• Seal packaging 

• Sleeve, check-weigh, metal detect, price date 

• Plast-paekre-cpolto<rC 

• Tray up/boxing 

• I>c8pateh<5*C - 


There arc variarions on the routine shown here. For instance, some products (not many) lend them- 
selves to filling hot from the cooker into the final packaging form; because of the inevitable delay between 
the first and the last being filled, and the need to keep the product hot until the production run is complete, 
this can only be applied to products (such as some 'one^shot' minced meat in sauce products) which are 
relatively tolerant to extended hot holding. In some cases, the corKept of sous-vide, where the product 
is cooked and cooled in the sealed pack in which it is sold, may be applied, although in ^general in the 
UK, sous-vide is of more relevance to the catering market than to retail trade. 

It should also be noted that in some cases ingredients are brought in ready cooked, e^g, canned ingre- 
dients. Given suitable precautions (can^dcaning, sanitiser dip), cans may be taken into the high-risk zone, 
opened, and the contents used as cold-fill components at the product make-up stage. 

Common, however, to all these methods of producrion of chilled ready meals, and a charaaerisdc of 
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Fig ore 1 


I 


the genre, is the feet that consumer safety and produa kccpability depend on the preventative approach 
of stria control, and the anticipation and elimination of hazard.The essendal components of this approach 
arc: a) barriers t cbritamination, b) temperature control, c) effective cookii^ d) rapid cooling, c) inicio- 
biblogical quality of raw materials and finally 0 hazard analysis criucal control point (HACCP): 

Before going on to consider ways of extending the shelf-life of chilled reac^ xneals, it is essential to 
ensure all necessary steps have been taken for these products to be rdutineljr manufactured in siich a 
way that 'normal' shelf-lives can be achieved widi safety - typically, these products are marked with d 
•display until' date five ot six days from Ac day of cooking or of cold aiscmbly, wth a 'lisc by date for 
the consumer one or two days later In the case of a few siriiple one-shot hot-fill produces, the 'display 
until' life may be extended to eight days. As stated, the first requirement on die manufecturer is that 
even these short shclf-Uves can be achieved safely and with uniformly good product quality at die pbirit 
of consumption. 

In all cases, the declared shelf-life assumes storage, distribution and sale at a temperature not exceeding 
5**C which was demanded of suppliers to Marks and Spencer some years before it became a UK legal 
requircmeiit for diis type of produa in the Food Hygiene Amendment Regulations of 1990 and 199 1. 
Let us consider each of the essential components of product safety and kcepability, hsted above, in tiirn. 

Barriers to contamination 

These represent die essential philosophy of safe chilled ready meal production, which is preventative as 
opposed to use of preservation techniques (such as chemical prcscrvatWes, low pH, reduced water acti^dty, 
freezing or additional heat).These 'barriers' are built up around a production area which is designated 
•high risk' (or high care). Only within the high-risk area is cooked food, which is vulnerable to contam- 
ination, exposed to handling and contaa. Food enters the high-risk zone hot immediately after comple- 
tion of cookingand does not leave until it is wrapped in a way which excludes contamination. The barriers 
around the high-risk area arc of various types, including: 

- Physical: walls to exclude unaudiorised people and the entry of any potential hazards, including pests. 

- Heat: all raw materials must pass duough an effective cooking procedure at the point of entry. 

- Saniiiscr dip: as mentioned cariier, in some cases pre-cooked material, in cans or similar, may enter via 
asanitiserdip. 

- For people: rigorously enforced changing room and personal hygiene procedures, plus health screening. 
For sugg^ed changing room procedures, see Thorpe, (1992). Training artd motivation of staff are 
essential features of a stuxessful chilled meals operation^ 

- For air. micro-filtration of incoming ventilation air to exclude airborne microorganisms, plus air in the 
hi^-risk area mamtained at a positive pressure to preclude the ingress of draughts and dust. 

- Drains and floors: falls and traps designed to carry waste and wash water ahvays away from and not 
into the high-risk area. 

- High standards of area hy^enc with carefully managed clean as you go' (avoiding aerosols and scatter 
contamination) and thorough cleaning and drying of floors, walls, ceilings, drains and ducts outside 
production hours; plus a well established cycle of washing and sanitising all utensils, food containers 
and machinery. 

- Hygienic design of all plant and premises to eliminate niches and traps for bacterial and mould growth. 
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Temperature control 

Produa is held as close to O^C as possible widiout freezing. The production w rking area will be air 
condicioncd and refrigerated - normally t around 8°C. This temperature is a compromise between the 
requirements of the work force for comlbrt and efficiency (8^C is acceptable in the absence of draughts); 
the need to avoid excessive temperature rise in the product; and, most importantly* to keep contact surfaoo 
cool so that any bacterial growth on such surfaces will be slw^ 

It is also important to control relative humidi^ in high-risk working areas and keep dampness to a 
minimum; puddles, conddisatc on surfaces, and general wetness are to be avoided because they otki a 
hzhilQt to Lisieria monoiytogefm. 

After packing, it is desirable to use forced air to reHxx>l the produa to around l^^C before it passes on 
to distribution. During the distribution phase - which may include outer packaging and batching, dti^tch, 
transport, depot sorting, further transport, back-of*srore receipt and retail display - the temperature of 
the product must be kept throu^out no higher than 5**G (and preferably cooler, but without freeung). . 
The integrity of the chill chain can be checked with miniature data loggers which simulate the produa 
and can be used to integrate the effect of time and temperature on spoilage and (bod poisoning micro- 
organisms. This assists the manufacturer in daerminii^ the declared shelf-life, whidi is normally taken 
as timie from cooking tt> constunption. The date mark on the pack makes a vital contribution to the safe^ 
and quality of the produa. 

EfFective cooking 

The cooking process must be controlled and nK)nitorcd to ensure the laij^st pieces of meat, fish or poultry 
are cooked to a minimum o£70^C achieved for two min., or the equivalent (e.g. 65*^0 for 10 min. or 
yS^'CforSOs). 

Rapid cooling 

Cooling should be as rapid as possible, and is usually achieved by blowing air at the optimum velocity 
(which has to be established by the manufaaurer) across stainless stedi trays containing produa filled to. 
a depth sufficiently shallow to promote rapid cooling. There are various defihldons in regularions and 
codes of praaice which seek to define target rates of cooling, but typically cooling to bejow 10**G in two 
hours is r^;arded as sattsfaaory. 

Microbiological quality of rav^ materials 

The demands of quality require the freshest raw materials, in general precluding levels of Vegetative 
forms of microorganisms in sufEcient number to result in significant survival after cooking. High 
content of heat resistant spores must be avoided. Herbs and spices represent a particular hazard in this 
respea. The practicalities of daily production of a large catalogue of chilled ready meals using fresh 
ingredients demand a high level of efficiency and professionalism from buyers> quality managers and 
Ic^stics staff. 

Hazard analysis critical control 4>oint (HACCP) 

This philosophy is inherent in safe production of chilled ready meals. Reference should be made to the 
appropriate Campden manual (Leaper, 1S>92). 
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FURTHER EXTENSION to SHELF-LIFE 

Attention t detail a^id to all die points coveied above is, as stated, necessary to ensure die roudne achieve- 
ment of safe shelf-lifc. and indeed may widi experience aUow the extension of declared life by one r even 
two days - diis seemingly short period of time can be veiy important in commercial terms. 

Beyond diat, diere are some possibilities for increasing die Ufe of diese cook-chill coU-asscmbly retail 
recipe dishes in terms of adding factory storage rimfe whilst not losing time for distriburion and display. 
Some products lend themselves to storage at 0 to -2»C ('deep chiU") for up to perhaps diiee days under 
stricdy controlled conditions in die feaory prior to issue. Radier fewer products are suitable for fipieh 
storage where die finished product, wrapped and ready for sale in distribution trays or boxes, is rapidly 
froien to -SO'C or below, held at that temperature for several weeks, dien diawed out prior to chill distri- 
burion and sale under conditions which require a considerable degree of technical sophistication and 
know-how to preserve the ficsh quality of die produa and die packaging. 

Once out of die foaoiyi' safe shelf-Ufc of such chiUed recipes is limited by microbiological oonadera- 
tion - die growdi of spoilage organism and, if present, of padiogens, especially in die event of tempera- 
ture abuse, in particular by die retaU purchaser. Thc :pToblein.in die main .k^reprcsemed^co^ 
rion dorifigttSSfenibly abd paddng; although survival of vegpud^* forms^ta^^ 

and of spores after cooking in die iiaory can play a pan. Bicteria, includihg diose fiom but-B«ming 
spores, can be destroyed by subjecting die finished pack to pasteurising - post-pack pasteurising, This 
inevitably has some effea on quality and as a process for ready meals is not widely practised in die UK. 
aldiough said to be found fiiirly widely in Fnmce and elsewhere on die continent of Europe where die 
retailing patrem demands a longer shelf-lifc. Pbst-pack pasteurising is generally cairied out under over 
pressure in an end-loading retort, but in-Une microwave processing has been used for diis purpose. JbW- 
pack pasteurising should be regarded as an adjunct to. not a replacement for, all dieodier essentials fot 
chilled redpe dish production. By diis means, shelf-lives of 21 to 42 days at <5''C have been claimed. 

However, More Wndy in the UK. die Government's Advisory Committee ort dw Microbiological 
Safety of Foods (1992) has recommended that chUled foods vridi an assigned shelf-life of more dian 10 
days should contain one or more controlling feaors, at levels to prevent die gtowdi and toxin produc- 
tion by strains of Oostridium botuUnum. As die processing of most chiUed recipe dishes doesnoi include 
such fectois. diis would appear to restria their shelf-life to lOdays, Pasteurisation, which typicaUy Achieves 
70°C for a minimum of two min. in die product, would not be regarded as an adequate fitttor. In addi- 
tion, die CCFRA Code of Ptafctice for Vacuum and Modified Atmosphere Packid Chilled Foods (199Q 
conttins amongst odier diing?. guidelines for extended factory chill storagp of VP and MAP products at 
below 3-5»C 


CONCLUSIONS 
What has been achieved? 

Thanks to the driving force supplied by die supermarket retailers, chilled ready meals of high quality are 
now a significant market sector amongst meat-based products in die UK. A sound underetanding has 
been achieved as to how diese products can be produoed safely to a comroerdally acceptable, albeit shon. 


364 


chilled shelf-life. The technology is based on the philosophies of prevention rather than preiseivative$» 
high-risk manufacture and HACCE 

What has been neglected? 

Very litde. However, the business of chilled ready meal produaion could come under threat from its very 
success, which may bring into the market producers who lack the necessary skills, facilides and expertise 
vital to the safe producdon of these types of products* This problem is minimised by the (act that most 
chilled meals are sold under the supermarkets' own labels, and these retailers have both the know-bow 
and an pvernding concern to ensure safe producdon and hence their gbod reputation. 

What heeds to be done? 

An cyef^jffipii^<nh|Hifidibtai^ Jtiierbby bgiicaf asj^ of tlie c^raticm,: H^^'^gv 

ways of^ljorig pi^^ 
reduction %tip«B Xl^% 

However, opportunides for extending shelf-life will be restrained by the current view of rhe hazard repre- 
sented by Clostridium botulinum. This restraint might be eased by further research into the character- 
istics of this microorganisiti. 
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RESUMEN 

£1 crccimiento en volumen dc ventas y varledad de las comidas enfriadas, de vtda litil limi^ 
tada, listas para comer o tras rccalentamiento (en su maiyona con carne) ha sido un rasgo 
notable en el sector alimentario minorista britdnico durante los lihimos 10 afios. Estos 
produaos represehtan ahora un sector slgnificacivo del consumo de carne. Sin embargo la 
producci6n segura de tales productos, y d logro incluso de las vidas de producto reducidas 
redamadas actualmcntc, sc basa considcrablemente en la producd6n higi^nica (ei conceptb 
'riesgo cicvado*) y en un control estricto de temperatura durante la producci6n» distribuddn, 
cxhibici6n y venta. La aplicaci6n prdcnca de ^cas y otras observadones a la s^uridad y la 
vida litiJ es descrita en este trabajo, antes de seguir considcrando formas de prolongar la vida 
ddl. £stas incluyen la proIbngad6n del ticmpo de mantenimiento dd stock en la fdbrica. 
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que se cxtiendc mcdiante el uso dc una •Tcfri6craci6n 5„ten» . o congebaAn segu.d<» p^^ 
la cuidadosa dc5c6ngelaci6n. La extensi6n de la vida ,St.I durante !a d>«"buc.6n y 
„p sici6n puede scr obtenida p r la pastcurizacidn posterior del envasc de productp. b^n 
medi convendonal o por microondas. pero el aumemo de la v.da dt.1 que »e pu^e 
Snseguir es limitado por el peligro que represent* la presenaa potencal de cepas de CU^ 
tridium botuUnum en envases seUados que dcnen poco o n.ngdn espaao de cabeia. 

~~ RIASSUNTO 

Uaumento del volume delle vendite e dcUa varieti dei platu freddi. a breve conservazione. 
p^otti (pronti da consunxarsi) o precotti da consumarsi dopo nscaldamento (prcvaJ^ite- 
Lnte a base di carne) ha costituito un importante aspetto dd panorama a,mmeraale d 
Jetugllo in UK nel corso degU ultimi died anni Questi prodott. "^^^^.^r' 
quou importante del consumo di carne. Tuttayia la corretta pKnluxione d. fj^""" 
ed il rageiungimento dclle seppur bievi vite commeidali attualmente ndii«te pogg« soson- 
ISrsuIl'igiene (conceno di 'alto rischio*) e sull'assoluco rispetto dellc temperature 
p«v««e durante la p«>duzione. la distribuzione. I'espositione e la vendita. In ques« P«sen. 
Ee viene descritta TappUcfazione di queste edi altre consideraziom alia saniti ed Jla 
Trmme«^ale. prima di illustrate alcuni dei modi per allungare la vita «mmeraale de. 
p,«lotti. Questi indudono un prolungamento del tempo di stoc«gg.o .ndustriare 
Le un intenso raffteddamcmo o mediantc congelamento seguito d^^«=«"8^l7^.»^;: 
mo. Un certo prolungamento della vita commerdale durante la d«tr.buz.one e 1 esposiz.one 
pj6 «sere otteLto Sediante pas.orizzazione dd pxodotto confez.onato. s.a con «stenu 
Lvenzionali che con U fomo a microonde. Tuttavia si pu6 ottenere solo ^^r"'^^''^, 
mcnto deUa conservabiliti a causa della po.enzialc p«^nza d. cepp. di OostruUum botu 
Unum nelk confezioni chiuse ermeticamen te. die di solito hanno uno spazio di testa assente 
o di minimc proporzioni. 


RfiSUMfi 

Au coun des dix derniires annto. on a constat^ au Royaume Uni un 
d^Ia vati^t^ et des volumes vendus. pour lesrepas rtfrig^rds i coutte dur& de vie (souvent 
i Vase dVviande). pr«t i consommer ou prfit i r&hauflfer. Ces p^duits reptjentent main- 
ten^t un secteur Lable de la consommation de viande. Cependant. la producuon de ces 
prXitTet leur conservation, mfcme pour une courte p^riode. repose 
L fabrication hygiteique et sur un conttdle tr*s strict de la temperature tout au long de 
Tdialne: production, disuibution. pr^ntation et vente. Les apphcanom P«"qu«f^ 
que les co Jsid<Jrations concernant la s6:urite et la durie de vie sont d6cnt« 
ution avant que oe soient pr^sentfe les difftrents moyens d'allonger la durfc de vie. Ceux- 
d induent la possibilitd d'allonger le stodcage au corns de la febricaoon en un «ant le.tdro,- 
di sement rapide. ou par une congelation suivie d'iine dfeongelation b.cn mattrisee. 
SZgetlnJ de la dur^e de vie. ^ndant la distribution et pendant la vente. peut «tre 
obtenu par une pasteurisation apris emballagc du produit, soit par des proced& conven- 
rionnds soit par Stilisation de micro^ndes. mais 1'allong.nient de la conservation est hm^^ 
pi Te risque present^ par la pr&ence de CMum Minum izns des emballage, sous 
vide, qui sont done dans des conditions ana^rpbics. 
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KURZFASSUNG 


Di Zunahme dcs UmsatzvoJunicns und der Mannigfaltigkeit von g^kiihlten, beschrankt 
haltbaren> diiekt odcr nach Auiwarmcn zu verzehiendcn Fertigg^ickten (mcistens auf Hci- 
sch basis) war in den letzrcn 10 Jahren in der UK Lcbcnsmittcldctailbianche schr ansehn- 
lich. Dicsc Produktc bildcn beutc cincn bcdcutsamen Teil dcs Flcischverbrauchs. Die zuvcr- 
lassige Produkdon solcher Produkte und das Errcichcn von selbst der kurzen Haltbaikeit, 
die tiblicherweise verlangc wird, beruhr jedoch stark aufeiner hygicnischen Herstdlung (das 
'Hochrisiko' Konzept) und eincr striktenTemperacurbehcrrschung wahrend der gcsamcen 
Produktion> Verteilung, Auslagc und dem Verkauf. Die praktische Anwendung dieser iind 
anderer Betrachningen beziiglich Sicherheit und Haltbarkeitsdguer wird in diescm Beicrag 
beschrieben bcvor Wege zur Haltbarkeitsverlangerung erwogen wcrdcn. Dicsc um&sscn die 
Verlangerung der Lagerdaucr dcs BetricbspufFervorrates durch Anwendung von 'tiefer 
Kuhlung' odcr durch Hinfricrcn mit nachfolgendem sorg^tig durchgefUhrtcm Auftauch. 
£ine Verlangerung der Haltbarkeicsdauer wahrend dcs Vertriebs und der Auslagc kann erreicht 
werdcn durch cine Rastcurisicrung dcs Produkrcs nach dem Verpacken, encweder mit konvcn- 
tioncllen Methoden oder dutch Mikrowellcn. Die crteich bare zusatzliche Verlangerung der 
Halrbarkeicsdauer wird jedoch bcgrcnzt durch das Risiko eincr mdglichcn Anwcsenheit von 
Stammcn von Clostridium botulinum in den hcrnictisch geschlossenen Packungen» die ttbli- 
cherweise nur einen kleinen oder keinen Kopfraum haben. 
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Reducing Process Variation in the Cooking 
and Smoking Process 

ROBERT E. HANSON* 


We are lost in the mazes of our mgenuities because, 
bemg trained to look at the details rather than the holes, 
we are confused by the complexity we have created, 

-Arnold Pacey, MIT professor 

Introduction 

Converting meat from noh-unifomi live animals into uni- 
fonn-quality meat products is a complex task. To be suc- 
cessful; processors must thoroughly understand the myriad 
processes that go into manufacturing processed meat prod- 
ucts. At every step, variation must be measured and con- 
trolled to reduce its impact oh product costs and quality. 

Once a meat product goes into production, processors 
generally have the same objective— to manufacture consi^ 
tent-quality products at the lowest possible cost. For produc- 
tion, the goal is not to change the product quality, but rather 
to make it the same every time. Reducirig variation during 
manufacturing is essential to control costs and quality. 

As scientistis, we are trained to identify and solve prob- 
lems through experimentation. We don't often get the chance 
to step back and examine the entire manufacturing process 
to identify the holes that need fixing. To reduce the impact 
of product variation, however, we must do exactly that — 
identif/ the sources of variation and establish methods for 
measuring and controlling them. Even better, we may find 
ways of not just controlling variation, but actually eliminat- 
ing it. 

Losses in the Meat Supply Chain 

Typical losses in the meat supply chain are shown in Table 

1. 

Weight losses occur in every step of the meat supply chain 
for many different reasons. For the processor, the following 


* Robert E. Hanson, Manager of Technical Development, 
Alkar, 932 Development Drive, Lodi, Wisconsin 53555. 
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losses may occur because of variation in the cook/chill pro- 
cess: 

• Inability to formulate/pump to regulatory limits 

• Cooking losses (cooking shrink) 

• Cooling losses (cooling shrink) 

• Slicing losses 

• Package overfill 

• Product defects 

• Rework 

This paper examines the measurement, control, and re- 
duction of losses related to the cookirig, snioking, and chill- 
ing processes. 

Impact of Process and Product Variati n 

Process variation during cooking, smoking, and chilling 
causes variation in the color, weight, and composition of 
the finished product. This variation results in increased manu- 
facturing costs and variable quality. 

Inconsistent color or color defects may result in dovm- 
graded product or rework. Variable piece weights cause 
package weight variation and overfill. Variation in finished- 
product composition (protein, fat, water) makes it more dif- 
ficult to formulate or pump to USDA regulatory limits for fat 
and added-water. 

Cook/Chill Variation ^ 

During cooking, non-uniform oven temperatures and air 
velocities cause uneven heating and drying rates, resulting 
in variable product temperatures, weight, composition, and 
color. 

During chilling, non-uniform cooler temperatures and air 
velocities cause variable product temperatures, weight, and 
composition, but do not usually affect color. 

Stuffing and Slicing Variation 

Cooking and chilling are not the only sources of weight 
variation. The stuffing process also contributes to piece 
weight variation. 

For linked products, link-weight variation is a combina- 
tion of stuffer, oven, and cooler variation as follows; 
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TABLE 1 . Typical Losses in the Meat Supply Chain.' 


Livestock Livestock 
Producer Hauler 

Meat 

■ aULci 

Meat 
Processor 

Distributer 
& Retailer 

Poor feed conversion Deaths 

Yairl rIoatKc 
idiU UcdUo 

Inability to pump/ 
formulate to regulatory 
limits 

Product damage in transit 

Deaths Qippling 

Condemnations 

. Cooking shrink 

Spoiled in code 

Disease Stress 

PSE meat. 

Cooling shrink 

Fading 

Genetic deficiencies Injuries 

Excessive trim 

Slicing losses 

Theft 

Breed deficiencies 

Failure to maximize available 
cuts 

Package overfill 

Overage product 

Nutrient control 

Floor scrap 

Product defects 


Timing 

Overage product 

Rework 



Poor grading 

Packaging defects 



Dy-proouci recovery ana sale 

Overage distress 



Poor boning yields 

Contamination & foreign 
objects 



Failure to use mechanical 
separation 

Raw material shrink 


Loss of exudate 

'adapted from Thompson (1995) 





Link-weight variation = stuffing variation + oven-shrink 
variation + cooler-shrink variation (for linked sausages) 

For sliced products, most slicers automatically adjust on- 
the-fly to control slice weights and package weights. Even 
so, excessive product variation from uneven stuffing, cook- 
ings or cooling makes it harder for the slicer to do its job 
accurately. Stuffing variation causes non-uniform end-to-end 
diameters and variable product density. Cooking variation 
may cause non-uniform product diameters. Cooling varia- 
tion causes inconsistent slicing temperatures. 

Composition Variation 

Shrink variation during cooking and cooling causes vari- 
able finished-product composition (protein, fat, water). For 
sausage products such as frankfurters and bologna, the blend- 
to-blend variation of raw materials also contributes to com- 
position variation. For cured meats such as bacon and ham, 
uneven injection of curing solutions causes composition 
variation. 

Cost of Finished-Product Variation 

Finished-product variation is a huge cost to the meat in- 
dustry. The primary costs of product variation are — 

• Package-overfill giveaway 

• Product-composition giveaway 

• Quality downgrades 


Overfill and composition giveaway are repeated errors 
that are easily measured and quantified. Quality downgrades 
occur more sporadically and therefore are difficult to mea- 
sure accurately. 

Cost of Overfill- and Composition-Giveaway in 
Frankfurter Production 

The following example shows the estimated cost of over- 
fill and composition giveaway for a U.S. frankfurter manu- 
facturer. 

Overfill Giveaway 

Due to stuffing variation and cook/fchill shrink variation, 
not all frankfurter links are exactly the same weight This 
link-to-link weight variation causes variable package weights. 
To avoid underweight packages, processors usually set the 
target package weight slightly higher than the marked weight 
The difference between the average package weight and the 
marked weight is called the overfill giveaway, and is calcu- 
lated as foHcws! [ '' 

Overfill giveaway = average package weight - marked 
package weight 

The overfill needed to avoid underweight packages de- 
pends on the average weight and standard deviation of the 
individual links (LaBudde, 1991). Increased link-to-link 
weight variation requires a larger overfill giveaway to avoid 
underweights. 
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For example, suppose the marked package weight is 1 .0 
lb/package for a U.S. product Depending on the link-weight 
variation, the processor might target the average package 
weight at 1.02 lb/package to avoid underweights. The over- 
fill givieaway; then, is 0.02 lb/package or 2.0%. If the prod- 
uct coist into the package is $0.75/lb, the annual overfill cost 
for a processor that manufactures 60 million Ib/yr of frank- 
furters would be calculated as follows: 

Overfill giveaway cost = 60 million ib/yr x .02 lb over 
fill/lb product X $0.75/Ib 
= $900,000/year 

To cut the cost of overfill giveaway, the variation in stuffed 
weights and cook/chill shrinks must be reduced to decrease 
the link-to^link weight variation. The target average weight 
can then be moved closer to the marked package weight to 
reduce overfill giveaway. 

Composition Giveaway 

Composition giveaway for frankfurters is caused by un- 
dershooting the USDA limits for fat and added-water in the 
final product. To avoid compliance violations, processors 
typically set targets for fat and added-water content slightly 
under the USDA limits. Variation in blend-to-blend raw 
material composition and uneven cook/chill shrinks create 
variation in the final-product composition, making it harder 
to target the compliance lirnits accurately. 

The composition giveaway needed to avoid compliance 
violations depends on the average undershoot and standard 
deviation of the final-product composition (LaBudde, 1 991 ). 
Increased variation in the final-product composition requires 
a larger composition giveaway to avoid compliance viola-, 
tions. 

The cost of composition giveaway depends on the aver- 
age undershoot and the penalty cost for undershooting 
(LaBudde, 1 991). For example, the USDA limits for a full-fat 
frankfurter formula are 30% fat + 10% added-water for a 
total of 40%. To avoid compliance violations, a processor 
might target an average composition of 38.5% for fat plus 
added-water — 1.5% under the 40% limit. If the penalty 
cost for this product was $0.005 /lb/% undershoot, the com- 
position giveaway would be calculated as follows: 

Composition giveaway cost = 60 million Ib/yrx ($0,005/ 

lb/% X 1.5%) 
= $450,000/yr 

To cut the cost of composition giveaway, variation in raw 
material blends and cook/chill shrinks must be reduced to 
decrease the variation in final-product composition. The tar- 
gels for fat and added-water can then be moved closer to 
the USDA limits to reduce composition giveaway. 

total Giveaway Cost 

The total costs of overfill plus composition giveaway for 
this example are calculated as follows: 


Total giveaway cost = overfill-giveaway cost + composi 
tion-giveaway cost 
= $900,000/yr overfill cost + 

$450,000//r composition cost 
= $135 milHon/yr 

The LaBudde (1 991 ) reference includes further examples 
explaining the cost of product variation. 

Influence of Cooking Equipment and Processes 

Equipment design, cooking processes, and heating me- 
dia atl have a strong effect on process and product varia- 
tion. The influence of these factors must be understood to 
evaluate their importance in reducing variation. 

Cooking Equipment 

The meat industry uses many different types of produc- 
tion cooking systems in both batch and continuous designs. 
Although equipment designs vary widely, only the follow- 
ing four heating media are commonly used: 

• Air (free- and forced-convection) 

• Steam 

• Hot water 

• Microwave 

A countless variety of meat products are cooked using 
forced-air convection ovens (smokehouses), steam cabinets, 
and hot-water cookers. Microwave cooking, however, has 
gained only limited industiy acceptance because of the shal- 
low penetration depth arid uneven heating of microwaves. 
Industrial microwave ovens have generally been confined 
to applications for thin products such as the continuous cook- 
ing of sliced bacon. 

Steam and Hot-Water Cooking 

For steam and hot-water cooking, products are usually 
stuffed in plastic casings or stainless steel molds and then 
cooked in stieam cabinets, hot-water tanks, or continuous 
systems. 

Steam and hot-water cooking are simple processes with 
only two variables — cooking time arid cooking tempera- 
ture. Because condensing steam and hot water are both ex- 
tremely effective at transferring heat to the product surface, 
products cooked at the same temperature in either steam or 
hot water will have approximately the same cooking time 
(Heldmari, 1 975). Steam and hot-water temperatures within 
a steam cabinet or water-cook tank are typically very ur)i- 
form, and therefore product temperatures are also very uni- 
form. 

Forced-Air Convection Cooking 

In forced-air convection ovens (smokehouses), products 
are heated using fan-driven air. Batch oven capacities range 
widely from small ovens that hold 1 00-200 kg/batch to large 
ones that hold up to 25,000 kg/batch. For continuous sys- 
tems, production capacities commonly range from 200 kg/ 


50tb Annual Reciprocal Meat Conference 


35 


TABLE 2. Potential Sources f Temperature, Shrink, and 
Color Variation f r Meat Products Cooked in Batch Ovens. 

Agnation withiii ven 

• Top-to-bottom 

• Side-to-side 

• Ffont-tO'back 

Batch-to-batdi variation among ovens 

• Multiple ovens 

• Different height width, and length 

• Different designs 

• Different ages 

• Different operators for different ovens over multiple shifts 

• Inconsistent loading practices 

• Variable lag times between cooking and cooling 

Oven maintenance 

• Out-of-balance airflow 

• Control system out of calibration 

• Inadequate maintenance of major components (eg. main fan, 
exhau^ fan, gas burner or steam coil, fresh-air and exhaust 
dampers, control system, rotating dampers) 

Differences in operator training and experience 

• Different levels of training, experience, and capabilities 
iamong operators and supervisors 

Poor ptimization of cooking processes 

• Processes designed for "worst-case* ovens 

• Processes are drier than necessary to "be on the safe side" 


hr for beef-jerky systems to 7,000 kg/hr for wiener systems 
to 1 0>000 kg/hr for bacon systems. 

Regardless of the size, shape, design, or age of an oven, 
all forced-air cooking proc^ses have the same four cooking 
variables — 

• Cooking time 

• Dry-bulb temperature 

• Wet-bulb temperature 

• Air velocity 

Vyhen meat products in moisture-permeable casings or 
without casings are cooked in forced-air convection ovens, 
heat transfers from the air to the product while, at the same 
time, moisture evaporates from the product to the air 
(Bengtsson et al., 1976). This process is known as simulta- 
neous heat and mass transfer. Moisture evaporating from the 
product surface causes evaporative cooling, and this evapo- 
rative cooling strongly influences product drying rates and 
cooking limes (Codsalve et al., 1977; Hanson, 1988; 
Skjoldebrand, 1980). 

' A typical air-handling system and airflow pattern for batch 
meat-processing ovens is shown in Figure 1 . 

As shown in the diagram, the recirculated air is supplied 
to the oven cabinet through the supply ducts, driven through 
the product zone, and then drawn back through the return 
duct into the fan cabinet. The air is reheated in the fan cabi- 
net and recirculated through the oven. Although the airflow 
patterns are very turbulent, the air is driven through the prod- 
uct zone in a generally bottom-to-top direction. The supply 


FIGURED 



Batch Oven Airflow, 


air is the hottest air in the oven. The return air, having been 
drawn through the cold product, is the coolest air in the oven. 

Sources of Shrink Variation in Batch Ovens 

Potential sources of shrink, temperature, and color varia- 
tion in batch ovens are shown in Table 2. 

Meat products are stationary in batch ovens, and there- 
fore have temperature and shrink variation in all three di- 
mensiorts of the oven as follows: 

• Side-tOrside 

• Top-to-bottom 

• Front-to-back 

Although product variation can be reduced by adjusting 
and balancing the airflow, some variation will always exist. 

To reduce side-to-side and top-lo-bottom variation, most 
batch ovens are equipped with a rotating-<lamper system 
that continuously sweeps the air from side-to-side during 
cooking (Figure 2). This side-to-side sweeping action is 
known as ^moving-front* or "oscillating" airflow. The rotat- 
ing-dampers can be adjusted to balance the airflow from 
side-to-side and top-to-bottom. 

To reduce front-to-back variation, the oven return ducts 
usually have adjustabfe slides that can be opened or closed 
to balance the airflow from front-to^back. 

Although the rotating dampers create a moving front of 
air, the general direction of the air through the product zone 
is still from bottom-to-top (Figures 1 and 2). Because the air 
cools as it travels through the product, the supply air is hot- 
ter that the return air. As a result, the product in the top- 
center of the oven is the coolest and has the lowest cooking 
shrink, and the product in the bottom corners is the hottest 
and has the highest cooking shrink. 
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FIGURE 2. 



Oscillating Oven Air Flow, 


Reducing Product Variation 


If an oven is very tall or wide, the air has a longer path 
from the supply to the return ducts, and therefore it cools 
down more as it travels through the product zone. For this 
reason, the dry-bulb temperature drop from the supply to 
return ducts is generally greater for large ovens than for small 
ones. As a result, given the same product and process, the 
product temperature and shrink variation are generally 
greater in a large oven than in a small one. 

In addition to oven design and size, several other factors 
contribute to shrink variation for products cooked in batch 
ovens (Table 2). A major cause of batch-to-batch variation 
among ovens is simply that different employees operate 
multiple ovens over multiple shifts. Different levels of expe- 
rience, training, and capabilities among operators will cause 
inconsistent shrinks and color from batch-to-batch. 

Oven maintenance also plays a key role in controlling 
shrink variation. Components such as control systems, in- 
take and exhaust dampers, rotating dampers, main and ex- 
haust fans, fan belts, gas burners, steam and humidity valves, 
gaskets and others must be properly calibrated, balanced, 
and maintained to provide consistent performance among 
ovens. 

Another miajor factor contributing to shrink variation is 
poor optimization of batch cooking processes. Processors 
with many ovens of different ages and designs often develop 
cooking processes that target their "worst-case"' ovens, thus 
overcooking many loads and creating unnecessary load-to- 
load shrink variation. Furthermore, meat products are often 
cooked using overly-conservative processes that are drier 
than necessary to prevent problems such as fat separation 
and color streaking. In other words, processes are often de- 
signed to *be on the safe side/' Because dry cooking pro- 
cesses inhierently create more variation than humid ones, 
this practice contributes to unnecessary shrink and color 
variation. 


Shrink variation that occurs during cook/chill processes 
can be reduced in many ways, including the following: 

• Upgrading to electronic controls 

• Optimizing oven designs 

• Using good loading practices 

• Optimizing cook/chill processes 

• Training operators, supervisors, and maintenance 

• Cooling products immediately after cooking 

• Using low-shrink cooling methods 

• Converting from batch to continuous processing 
These methods of reducing product variation are further 

explained below. 

Electronic Controls 

The widespread adoption of electronic controls in place 
of older-technology pneumatic controls has reduced total 
shrink and shrink variation in batch ovens. Electronic con- 
trols improve the repeatability of cooking processes from 
batch-to-batch. They are also more accurate and stay in cali- 
bration for much longer than pneumatics, thus reducing 
shrink variation caused by conuol system miscalibration. 

Oven Design & Product Loading 

As previously stated, the tenriperature, shrink, and color 
variation are generally greater for large ovens than for small 
ones. In factories with multiple ovens, however, the load-to- 
load variation among ovens is usually greater than the varia- 
tion within ovens (LaBudde, 1989). In processing system 
layouts, therefore, the installation of fewer, larger ovens of 
matching design and size will generally reduce batch-to- 
batch variation. 

Good loading practices reduce product variation. Ovens 
should be loaded with adequate clearance between the prod- 
uct and the side walls and floor. For most ovens, adequate 
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FIGURE 3. 



FIGURE 4. 

Brine VS. Blast VS. Cool r 

3.2 Kg Pressed Haiti, 90mm x 150mm x 250mm 
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clearance is 30 cm. This spacing allows the moving front of 
air to travel unimpeded from side-to-side in the oven. For 
partial loads, the oven should be loaded evenly from front- 
to-back to maintain balanced airflow along the length of the 
oven. 

Optimization of CooK/Chill Processes 

In a previous RMC paper, I explained the principles of 
heat and moisture transfer in meat products during cooking 
(Hanson, 1 990). A good understanding of these principles is 
necessary to develop optimized cooking processes. 

As previously stated, the following variables are used to 
control oven cooking processes: cooking time, dry-bulb tern- 
perature, wet-bulb temperature, and air velocity. Typically, 
the first one-half to three-quarters of a cooking process for 
smoked meats is used to develop quality characteristics'such 
as smoke color, internal color, skin set, and texture. After the 
desired quality cTiaracteristics are achieved, the product is 
heated to its target core temperature. Cooking processes must 
be optimized to balance quality characteristics with cook- 
ing time and shrink. 

C oling Methods 

After the product is cooked, immediate and rapid chilling 
helps prevent excessive cooler shrinks and shrink variation. 
When hot products are removed from an oven, moisture 
. evaporates rapidly from the hot product surfaces. After the 
surface is cool, the evaporation rate drops off dramatically. 

In an air cooler, uneven cooling and drying causes vari- 
able cooler shrinks within a batch. If the holding times in the 
cooler vary widely from batch-to-batch, the variable holding 
times will cause cooler-shrink variation among batches. 

Brine chillers are often used for rapid cooling of meat 
products (Figure 3). Here, a prechilled sodium-chloride brine 


solution (usually -4 to -1 2*^Q is showered over the product 
to cool it. Products that are brine chilled generally have no 
cooler shrink or shrink variation. 

The cooling curves for hams cooled in a brine chiller, 
blast chiller, and holding cooler are shown in Figure 4. Tenv 
perature setpoints for the trials represented cooling tempera- 
tures typically used in the industry The average air veloci- 
ties were approximately 5 n^s for the blast chiller ahd 0.5 
w/s for the holding cooler. 

As shown in Figure 4, to cool the hartis to a 2.5°C core, 
the brine chiller had the shortest cooling time of 2.75 hours' 
followed by the blast chiller at 3.75 hr and the holding cooled 
at 11 hr. 

Cooler shrinb for hams chilled using the three cooling 
methods are shown in Figure 5. 

The holding<ooler hams had the highest cooler shrink 
at 3.5%, followed by the blast-chilled hams at 1%. In the 
brine chiller, the hams actually gained weight (+0.5%) by 
absorbing brine. However, most of this absorbed brine was 
subsequently lost by drip-off and evaporation while temper- 
ing in a holding cooler. The net cooler-shrink for the brine- 
chilled hams was therefore approximately 0%. 

Fellows (1 988) stated that high-velocity air causes faster 
drying rates than low-velocity air; Accordingly, since the blast 
chiller had a higher air velocity that the holding cooler, it 
theoretically should have caused more drying and a higher 
cooling shrink. As shown in Figure 5, however, the cooling 
shrink was lower for the blast<hil1ed hams than for the hold- 
ing-cooler hams. The faster cooling of the blast-chilled hams 
most likely caused this apparent contradiction. As the prod- 
uct surfaces cooled, the moisture would have evaporated 
less readily from the blast-chilled product: Therefore, the 
faster cooling of the blast-chilled hams would have made 
them less prone to evaporation for much of the cooling pro- 
cess, resulting in a lower cooling shrink. 
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FIGURES. 
Cooler Shrink Comparisons 

Retail Hams, Permeable Casings 



Cooling Methods 


Continuous Processing 

Converting from batch to continuous processing gener- 
ally results in major reductions in product variation. Many 
of the sources of batch oven variation listed in Table 2 are 
reduced or eliminated in continuous systems. 

The conveyer designs in continuous systems inherently 
eliminate variation in one or more of the batch oven dimen- 
sions -r- front-to-back, side-to-side, or top-to-bottom. 

For example, a ''tunnel* continuous system for small sau- 
sages is shown in Figure 6. In this system, a chain conveyer 
carries sausages through the oven from front-to-back — elimi- 
nating front-to-back variation. 

A "horizontal-serpentine" continuous oven for small sau- 
sages is shown in Figure 7. In this systeni the conveyer turns 
back on itself as it carries the product through the oven — 
eliminating front-to-back and side-to-side variation. 

A "vertical-serpentine" continuous oven is shown in Fig- 
ure 8. The conveyer in this system carries the product up 
and down through the oven — eliminating front-to-back and 
top-to-bottom variation. 

Continuous systems reduce or eliminate many other 
sources of variation found in batch ovens and coolers. The 
following sources of batch oven variation (Table 2) are re- 


duced or eliminated by continuous systems: 

• Differences among multiple ovens of different designs, 
dimensions, and ages 

• Differences among operators for different ovens over 
multiple shifts 

• Differences in operator training and experience 

- For these first three bullets, continuous processing 
reduces variation because similar products all go 
through the same continuous oven, eliminating varia- 
tion due to multiple ovens and operators. 

• Inconsistent loading practices 

- Fixed loading positions on continuous conveyers 
reduce variation by forcing proper and consistent prod- 
uct spacing. 

• Variable lag times betwesen cooking and cooling 

- In continuous systems, variable lag times are elimi- 
nated because products are chilled immediately after 
cooking. 

• Oven maintenance 

- Maintenance is generally better for continuous sys- 
tems than for batch equipment. 

• Optimization of cookirig processes 

- Continuous systems are generally designed around 
optimized processes. 

- Similar products all go through the same continu- 
ous process, creating consistent shrinks and quality 
characteristics. 

Because continuous systems inherently reduce or elimi- 
nate many sources of variation that exist for batch ovens, 
product variation is generally much lower for continuous 
systems than for batch equipment. 

Reducing Variation by Eliminating Processes 

Reducing variation through process improvements is not 
the only way to reduce product variation. Another nlethGd 
is to eliminate steps within a process or even entire pro- 
cesses. In this way, the variation within a process or process 
step is not just reduced, it is completely eliminated. This 
method also simplifies the manufacturing process, making 
it more consistent and repeatable. 


FIGURE 6. 
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HCURE7. 


CHILLER 



Horizontal Serpentine Continuous System, 


Eliminating Processes or Steps in a Process 

In evaluating opportunities for eliniinating processes, we 
must ask the question, "Is the process necessary to satisfy a 
consumer preference, or is it just the way we have always 
done it?" In other words, do consumers actuially want it, or 
Is it just industry tradition? 

One commonplace example of a process that was suc- 
cessfully eliminated many years ago is the smoking process 
for bologna. Although it was once a smoked product/most 
processors no longer smoke bologna, and consumers no 
longer expect it to be smoked. Eliminating this process sim- 
plified bologna manufacturing and eliminated any variation 
associated with uneven or inconsistent smoke color. 

Another example of eliminating a process is the replace- 
ment of conventional smoking methods with pre-smoked 
fibrous casings. Using pre-smoked casings, the product ab- 
sorbs liquid smoke from the casings instead of from an ex- 
ternal application of traditional or liquid smoke. This method 
eliminates conventional smoking processes and any smoke 
color variation associated with those processes. 

Microwave Bacon Processing 

Newer products such as microwave bacon may hold op- 
portunities for changing or eliminating processes or process 
steps. Although microwave bacon is manufactured many 
different ways in the U.S., most processors follow some form 
of the following procedure: 

U.S. Bacon Manufacturing Prx>cess 
V. Inject bellies 

• Usually pump to 1 1 0-1 1 5% of green weight 


2. Smoke and partially-cook bacon in smokehouse 

• Cook to 52-54°C core temperature 

• Shrink to 1 00-1 02% of green weight 

3. Gool and temper 

4. Press 

5. Slice 

6. Fully-cook slices in continuous microwave 

American meat processors often specify a mahogany-red 
smoke color for bacon after cooking and smoking. If the 
bacon is to be sliced and microwave-cooked later in the 
manufacturing process, however, the surface color is less 
important. Strict adherence to a traditional mahogany-red 
smoke color is probably unnecessary for microwave bacon, 
and therefore the color specifications could be relaxed. To 
eliminate the smoking process altogether, liquid smoke could 
be injected into the product. 

The following example is a microwave bacon produc- 
tion process used in the U.K. that eliminates conventional 
smoking: 

U.K. Bacon Manufacturing Process 

1. Inject bellies 

• Inject liquid smoke with brine 

2. Steam cook 

3. Cool/Temper 

4. Press 

5. Slice 

6. Fully-cook in continuous microwave 

For the U.K. process, instead of conventionally snrK)kihg 
the bacon, liquid smoke is injected into the product. Elimi- 
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FIGURE 8. 
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nating the smoking process simplifies the overall process 
iand eliniinates any smoke color variation. The bacon is steam 
cooked instead of ovencooked, thereby reducing shrink 
variation. Finally, because the new process is much shorter 
than a conventional one, it would be more readily converted 
from a batch to a continuous process. Continuous process- 
ing would further reduce product variation. 

This U.K. bacon process is a useful example of reducing 
variation through process changes and improvements. Nev- 
ertheless, process changes for U.S. meat products must al- 
ways be evaluated as to product conformance to USDA regu- 
lations and labeling standards. The effects of process changes 
on product quality must also be evaluaited. 


The conventional smoking processes commonly used for 
precooked products such as molded hams and turkey breast 
could be simplified to save time and reduce variation. For 
example, in a conventional process for smoked turkey breast, 
the deli-breast is steam cooked and then smoked using the 
following procedure: 

Conventional Smoking Procedure for Precooked Turkey 
Deli-Breast (3.5-4.0 kg) 

1. Steam cook turkey breast in plastic film 

2. Strip fully-cooked products out of plastic film and place 
on racks 

3. Load racks into batch ovens 

4. Smoke using a traditional- or liquid-smoke process 
• Process time = 2-6 hours 


5. Move racks from oven to air cooler 

6. Cool to less than 4°C core temperature 

7. Package 

This conventional smoking process is necessary to pro- 
duce smoked turkey breast, but it also causes cooking and 
cooh'ng shrink along with color and shrink variation. 

Replacing this conventional batch process with a con- 
tinuous rapid-smoking process would eliminate several pro- 
cess steps, reduce shrink and shrink variation, and improve 
color uniformity. The following rapid-smoking procedure has 
been used for precooked turkey breast: 



turkey breast in plastic film 
fully-cooked products out of plastic film and load 
:o continuous oven conveyer 

• Shower product with liquid smoke at entrance to 
oven 

• Dry product in oven for 10-15 minutes using high- ; 
velocity air at SS^'C to develop smoke color j 

roduct automatically unloaded . / 

kage 

I to less that 4X core temperature 

The rapid-smoking process is shorter, simpler, and more 
consistent than a conventional process. The continuous pro- 
cess reduces the shrink and shrink variation inherent in batch 
processes. Color uniformity is improved because all prod- 
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uct IS run through the same continuous oven instead of 
multiple batch ovens. Finally, packaging the product before 
cooling eliminates cooler shrink and shrink variation. 

Key Points for Reducing Process Variation 

The key points for reducing process variation are sum- 
marized as follows: 

• Eliminate processes and process steps where possible 

- Consumer preferences, not industry tradition, 
should guide the evaluation of process changes and 
improvements 

• Replace existing processes with less variable ones 

- Use steam or hot-water cooking where possible 

- Replace conventional smoking with new pocess in- 
novations such as rapid- smoking or pre-smoked cas- 
ings 

• Optimize cooking, smoking, and cooling processes to 
reduce variation 

• Train operators and production supervisors to under- 
stand the sources and cost of product variation, and how 
to reduce it 

- Uneven operator experience and training often 
cause load-to-load variation among ovens 

• Conduct regular oven maintenance and calibration 

- Out-of-calibration control systems and irregular 
oven maintenance commonly cause product variation 

• Evaluate new equipment options 

- Understand how oven and cooler designs can be 
used to reduce variation 

- Convert from pneumatic to electronic oven con- 
trols 

- Convert from batch to continuous ovens wherever 
justifiable 

• Consider cooling as part of the process 

- Rapidly cool products after cooking 

- Water shower products before moving into air cool- 
ers 

- Use non-shrink cooling methods such as brine chill- 
ing when possible 

Conclusion 

Product variation is a huge cost to the meat industry. Re- 
ducing variation is therefore essential to achieve our com- 
mon goal of manufacturing consistent-quality meat prod- 
ucts at the lowest possible cost. 

To reduce variation, we must first identify the sources of 
variation within manufacturing processes — in other words. 


find the holes that need fixing. Process improvements and 
changes can then be evaluated and implemented. New 
manufacturing techniques can also be used to simplify pro- 
cesses and to eliminate some sources of variation altogether. 
In the end, reducing variation will enable us to drive dowri 
costs and make it easier to manufacture products right the 
first time and every time. 
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Radiant Wall Oven Applications 

RADIANT WALL OVEN APPLICATIONS 

The World's first patented, self-cleaning Radiant Wall Oven 

* Natural browning of product surfaces in higli 
temperature/short dwell for tine best yield 
retention 

* Develop smoke color through radiant energy in 
1 minute or less on finished products and also 
set liquid smoke on raw products prior to 
thermal processing 

* Surface sterilize products for pathogen 
reduction/elimination and for shelf life 
extension 

* The Radiant Wall Oven is capable of flame 
roasting of vegetables and also of short dwell 
time processing for the peeling of many 
vegetables 

Technical Benefits of the Radiant Wall Oven and the 
Multipass Oven 
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Company Information and Background 

The Radiant Wall Oven was developed to address the problems that continually challenge the food 
processing industry. The most pertinent of these being the effective and safe cooking of red meats, 
w^hole mussels, pork patties and links, poultry in its whole and cut-up forms. 

High speed conveyor ovens (convection, high velocity impingement, electric and gas inferred) were well 
designed to cook any given product. However a Radiant Wall Oven (RWO), with its ultra-high cooking 
temperatures, greatly increases production rates. By operating at a temperature between 1 ,000 and 1 ,500 
degrees Fahrenheit, the RWO greatly reduces the time and chemicals normally associated with cleaning 

standard conveyor ovens. 

In 1995, Bob Forney and Ernie Brown, who both hold patents in Food Processing Technology, 
approached the B.D. Air Systems Company, Inc. with their idea for the Radiant Wall Oven. By 
combining old- v/orld craftsmanship with state of the art technology, B.D. Air Systems Company, Inc. 
has created one of the finest high speed ovens in the world. The RWO can brown, condition or assist in 

the application of Liquid Smoke. 

Allow our staff of Engineers and Food Scientists to test and gather information on your food processing 
requirements. Simply fill out an information request form, and we will be pleased to test your product. 


Patents 

The Radiant Wall Oven has received a Patent from the U.S. Patent office. 
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Directions to Pyramid from Logan International Airport 

Pyramid Food Processing is approximately 1 hour (35 miles) from Logan International Airport. 



Follow the airport loop to the Sumner Tunnel, go through the tolls and into the timnel, look for a sign 
reading "Interstate 93 North". Follow these signs and get onto the highway heading North. Follow I- 
93N to exit 44 South. You will now be on Interstate 495 South. Get off of 1-495 at exit 38. At the end 

of the ramp take a left. Follow this road approximately 1 mile, and take a left onto Capital Avenue. 
Approximately 200 yards on Capital Avenue take a left and follow this road, Pyramid Food Processing 

will be right in front of you. 
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RABIAIIT WALL DVili A PPLIC ATI ftllX 

The World's first patented, self-cleaning Radiant Wall Oven 

* Natural browning of product surfaces in high 
temperature/short dwell for the best yield retention 

* Develop smoke color through radiant energy in 1 minute or 
less on finished products and also set liquid smoke on raw 
products prior to thermal processing 



; Radiant Wall OveniscapaDleoin of 
vegetables and also of short dwell time processing for the 
peeling of many vegetables 
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General Information 


^ Pyramid Radiant Wall Oven 

* Pyramid Multipass Oven 

* Radiant Wall Oven Tonnage Capabilities 

* RWO treament of Marinated Chicken Breasts 


Pyramid Radiant Wall Oven 

The Radiant Wall Oven is available in three conveyor widths, all have 90" of cooking length. 
Pretreatment stations as well as inline cooking ovens are easily adapted to iit the Pyramid Radiant Wall 
Oven. In most cases the RWO can greatly reduce the amount of floor space normally required by 

standard production oven lines. 

Pyraniid Food Processing offers three standard unit sizes: 

20/90 - 20" wide belt and 90" long effective radiant zone 
30/90 - 30" wide beh belt and 90" long effective radiant zone 
40/90 - 40" wide belt belt and 90" long effective radiant zone 


Oven length can be extended by combining units to meiet and production line speed requirements. 
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RWO treatment of Marinated Chicken Breasts 


Samples f Day 0 

Day 7 

1 Day 14 f Day 21 

|Day 23 

iFirst L 

Repeat 
[exp. 1 ^ 

First |p^„^,t 
Kepeat 
exp. 1 ^ 

iFirst 1 
|exp. 1 

Repeat jjFirst exp|Repeat 

Repeat 

1. |2.1X ||l.8X 
r . llO^ lllO^ 

9.0 X |4.5X 

10^ fio'* 

3.5 X 1 
10^ 1 

2.1 X 2.1 X 1.7 X 

10^ llio* lie' 

1 


|2.5X 
|l04 

5.5 X |3.9X 
10^ |io^ . 

2.0 X 1 
10^ 1 

1.7 X [3.0 X 12.0 X 

10<* |io8 lio'^. 

- 


|2.1 X 

1.4 X |l."3X 

10^ fio^ 

5.9 X |2.3X |2.3X 

10^ |io^ |io^ 


3.9 X 
10^ 

T> ■ |2.4X 

lio^ 

|4.2X . 
|l.02 

7.4 X |2.0X 
10^ [lO^ 

2.8 X 6.3 X 1.0 X 
10* [lO* lio^ 

li.ix 1 
|io^ 1 

2.0 X 
10' 

control^};^^3^ 

1.7 X 
103 

9.9 X |3.9X 

10^ |io^ 

5.3 X 3.1 X 

10' W 1 " 

hi 



Numbers in bold denotes "spoiled" 


A - Marinated without lonal (No RWO) 
B - Marinated with lonal (No RWO) 
C - Marinated without lonal (RWO treated) 
D- Marinated with lonal (RWO treated) 
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MD. MAHBUBUL ISLAM 

Shelf life extension and pathogen reduction of fresh chicken through surface 

pasteurization using radiant heat and anti-microbial agents. 
(Under the direcUon of ROMEO TOLEDO) 

;r Whole brpiters (RVV) at 649*'C, for Q, 3. 4, 5, or 8 

s or dipped in a solution cxsntpining 4% sodium citrate, pH 5.8 (BSC). 

0.5% citric acid (CA) or 2% liquid smoke (LS) prior to RW exposure. 5 s exposure 
reduced total plate count (TPC) 1.23 to 1.73 log without any noticeable change in 
organoleptic properties. Dipping in 1% BSC was synergistic with RW in reducing 
the TPC but CA and LS pre^treatments had no effect TPC inside body cavity 
was not affected by radiant heat 

TPC of raw chicken drumsticks, dipped in BSC (6%) and exposed 3 s to a 
radiant wall (RW) at 788°C was reduced by 2 to 3 log, providing a shelf life of 27 
d at 0°e vs. 13 d for controls and 18 d for RW treatment only. At 4''C, shelf life of 
BSC/RW treated dnjmsticks was 21 d vs. 10 d for control and 13 d for RW only 
treatment Skin' -nfiodification by different scald procedures affected shelf life of 
RW treated drumsticks: semi-scald (52*'C) shelf life at O^C was 29 d vs. 23 d for 
sub-scald (60*C) for similariy treated drumstickis, ■ V ' 

No viable CPU of Salmonella typhimunUm or Campylobacter Jejuni were 
detected on raw chicken drumsticks inoculated With i ,006 CPU arid expbsed 3 s 
to RW at 788*C. There was no recovery frdttt heat ihjtiiry afl6r 3 d refrigerated 
storage at 4°C. Challenge studies with large inoculum of each pathogen gave log 
reductions of 0.79, 1.73 and 2.32 for S. typhimurium on fresh chicken dmmsticks 
treated respectively with only BSC, only RW and combined BSC/RW. Similar 


treatments on Campylobacter jejuni yielded 1.45, 2.41. and 3.36 log reduction 
respectively. 

INDEX WORDS: Pdsteurizationy Radiant Heat Poultiy, Chicken, Antimicrobials^ 
k «i Sodium Citrate. Shelf lifSi Microorganisms. Pathogen. 

; ■ Salmonella Campylobacter ■' ' 
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CHAPTER 1 

ihrrRbbdctiON 


Poultry IS one of the most widely accepted muscle foods in the wortd and 
is preferred by health conscious consunriers as a low-fat altepgt^ Over 
the last 50 years, poultry-meat production has undergone considerable 
expansion in much of the developed world. The industry has qhgnged from an 
essentially family farm-based operation to one where economies of sc^le in 
rearing and processing have led to a high degree of operational efficiency/ 
Processing, in particular, has become more mechanized, so that most stages in 
production of oven-ready whole broilers or cut portions are now either semi- or 
fully-automated, thus reducing labor costs ahd^^ B^^^ maximize the speed 

and effibiiency df the proc^ssv HdW^ver. hO)t%ll W tHe tH^hges th^ tiave taken 
place have necessarily been in the biest ihtefr^sts of rfl product qualr^. 

e.g.. in relation to meat tenderness and microbial ebnt^ 

meat is rightlv^ reg|iirded ais^ a whol^sorh^ fDrni of dietary 

protein, it is not without some prbblems. Froni the hriibrhent the bird is killed, the 
meat can support bacterial growth, which results in the production of off odors 
and discoloration. 

Fresh ppyltry is extrqrTie(y p^^rish shelf life is of 

primary importance. The ishelf life^ on the number of 

spoilage bacteria on the product immediately after processing and the holding 
temperature of the product during transportation, distribution and storage. 
Spoilage occurs when certain species of psychrotrophic bacteria multiply on 


surface of chickieh held at refrigeratioh temperatures and produce metabolic by- 
prdducts that change the appearance, pH. or odor of the product. 

Poultry transmitted diseases are major burdens ori society causing 
considerable suffering and loss of productivity^ and add to the cost of food 
production and health cjare. Among the diseases that; can be acquired by 
ingesting undercooked or re^ntaminated poultry or handling raw poultry, 
salmonellosis and campylobaGteriosis are of primary concern in the United 
States. Risks of iacquiring these diseases are greatly influenced by the 
prevalence of Salmonella species and Campylobacter jejuni m live birds and 
siibsequently on poultry products. The Origin of this problem lies with the largie 
sciate operations used in rearing and the; processing the, birds. Under such 
conditions, the transmission of a minority of ;the total resident mici-borganisms, 
e.g., Sa//none//ai occurs readily and cannot be easily prevented. Elimination of 
these gram-negative food-borne pathogens at the pcpduetion level Is currently 
not feasible. Therefore, an intervention step to substantially reduce or eliminate 
them during processing is desperately needed to ensure the safety of raw poultry 
product Methods, which efficiently reduce microbial numbers, would afford the 
added benefit of extending the relatively short shelf life of fresh poultry. 

Efforts to eliminate or substantially decrease bacterial population on 
poultry have been made by the poultry industry. With the exception of food 
irradiation, which has a high initial capital expense, few, if any processing 
technologies ■ currently exist that significantly reduce or eliminate the 
microbiological hazards on the surface of raw poultry. Very rapid surface heating 
for a short time is thought to be an effective method in reducing the number of 
microorganisms on the surface. The original premise was that less heat would be 


headed to kill prganlsms on a sur^ce^ than to cppk^th^ the much 

higher aetlvsition energy of .cooking, as compared to killmg. Henoe killInQ wrthoui 
cooking would depend on the rapidity, of heating; a n w 

type of oven. Radiant Wall Oven (RWQ) .(|lg. IX in vyhich whole chicken broilers/ 
chicken drtinistlcks were subjected to^ a . very : high temperatMre for a vfsry short 
penod^ The surface of the chicken y/a& he^te^ by ^^^^ to 
kill the rhicrooFganisms oh th^ su^aica vy^ttliitjit^m 
changes; Antinlicpoblalagentsiiayalsp^^^ syneiiistical^ withithe^ 

The objectives of :the study were: tici optimtee tihie; an4 teirjperatijpe for 
cadiaht^heat tKefiitrnent of chicken, to l exfeRid' the sljteif life ol€hielcen^,%>^^ 
initial miciiiobial courits by appHcation^,^ heat ap4- <^ 

GRASi arttiniiiErbbial agents at different storage tsmpel^tyresv >tQ th 
efficacy tif these con^bination ; treatments on. Salrnqhettayi^ and 
Campylobaictep Jejuni onAjfresh^;Chlck§rv and <o^; 
temperature of- chicken due to the action; of radiant heai on its:^^^ m 
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Rg. 1 : Radiant Wall Oven ( picture and schematic) 



from 68 to 88 pounds. In 1998, estimated production of chicken is more than 29 
' billion pounds. . ■ ■-•^r- 

2.2. TYPES OF MiGROORGAN|j|fi^ WITH FRESKCHIGKEN 

:PouHiysiJTiisaUi BT& deriyecP frohr vy^ Tlieir microbial 


flora is heterogeneous/ consisting|b||r(^ 

the animal ftseff, sdir^ijp®^ bacterial 
sjai^^iM • ihtrolli^ b^|^iftij^ah#S.^q (Graiii 1 986; 

{QJgF;. I w]d(espn||d2;^ali??^M"^^^ of ravyr, chicken demands closer 

atteition to their microbiology. Chilled or firbzen, chicken may be marketed as 
Whole, whole cut-up, bone-in part^ or deboned. A/Vitfej^^evii fixceptionj^^^ 
growth |5,,a surface phenomeqqf\^ jr^^^^^^^^i^0^^i^. The quality of the 
cBiSkeiii m^^ immediately after processing, and 

m^iiritenance 'of acceptable quality depends on initial microbial levels and 
, T^^^ cohcems 


5 


ar^ (^hfrol of spbildgie organisms which (^^^^^^^ to V^jiect^ the product 

dtie to unedceptable oddf dr flavor, and minlrhizatioii of pattiogehTo prganisrris 
%hich mey; iilirider pro lead 'tb a hei^lth hazard 


TABLE 1: PRODUeTlON AND PER CAPITA "CONSUMPTION -^^^^^ 
.. ■ . KSOOK CHICKEN IN THE UNITE[^^glWmS>1#j39^9tff^^ 


^■-■■H^eeF-'-^^--' 

Pfddiaetibiv 

• Cbhsum^tlbn 

Cornnriercial 
Broiler^ 
^Million 
pouhdis) 

Other 
chickens 
.. r.Milllnn 

pounds) 

*. * * *' ■ ' • 

Total' 
(Miiiion 

-W w. W ■ VVI.i^y. ■. . 

Total* 
(Miilibn ^ 
Dounds) 

Per capita 

'tl^dirhds) 

1989 

17.227 

531 

17.758 

16.886 


c.': 1990 . 

: 18,43Q 

523 

18.953 

17.762 

71 

1991 

19,591 

5Q8 

20,099 

18.751. 


,,A,:t?[92„.- ^ 


520 , 

21,424 . 

19.826 


^. 1993 : . 

22.015 

, 515 / 

22.530 . 

20.520; 

^Zv.:79..- • 

^ ..,^,1994; 

, 23.666 , 

t 509. 

24.175; : 

21.103 , 


,1995 

^.827, / 

. 496 3 , 

25.323 

21.238 


4996 .;• 

26.124 . 

i 491. . 

26.615 

21.854. 


} 1997? 

27.061 - 

5Q9 

27.570 

22.509 


1998^ 

28.556 c> 

530: 

29.086 

23.876 

^- J,8B V; 


' Totals may not add due to rounding 
^ f^relirnfhary ''v-'-^ ' . -^^^ 

^ Shipments to territories included 
^ Forecast 

(Spurc^: U5;DA, Agricultural Statistics. 1998. page VIII-37) 


The chief microbiological concerns associated with fresh chipken center 
around two types of microorganisrns - psychrotrophs that grow during extended 
refrigerated storage and mesophiles. which grow in the product subjected to 


tenripeirature abus . Psycrotrophs are bacteria, yfast and mo||ds that grow, 
: although sipvyly, at refrigeration temperatures (below TfG):^ but grow pptimally at 
temperatures above refrigeration^ e.g.,. 25*-3p?p (!\4arth, 1 9J98). vTTiBir maximun^ 
growth temperatures are aO^-SS^C (Kraft, 1992; Olson and Nottingham. 1980). 
Mesppliilic nriicFoprganisnris qpuld survive : under refrige storages and grow 
when food> Is temperatji^re?abused> Mesbphiles ;grow;well b^etween ICP-AS" C with 
pptimum gi'pwth between 30*'-40*' C (Jay; ,1992). The potent^l for psychrdtrophic 
t |>|>pl|d£ie microbrganisnis tb^rbw during; thijsxt^ndekl refrigerated. ftpragei period 
and decrease briganoleptld cju'ality br^^s^^^^ the food prdduct is a cpncem. 
Additipnally. psychrptrpphic and- mespphilic.„ pathogens are also presj^nt pn 
.'ppultry. . . .- - ., ."V"- 

The surface flora' on freshly slaughtered caras^^ to 
'IQ* bacteria per square Inch, is prirnarilyimesophllici: havirig origrrtated from the 
-^^limentary tract and external surfaces of the live ah"itt»aL Contamiril(tlbn. from the 
slaughtering (irivirortmerii life also largely mesophlllc in nature, slnc^^^^^^^ 
occurs in fppms ambient iH the summer iahd heat^ii in the winter iB^me$. 1 976). 
Psychrptroptiic orgahisrr]^ originating from soil and w^te^^ pres#| but i^sually 
only to about lOV per square" inch (Surkiewlci et al,, 1069),;The ifiisbphiliBS are 
important because they Tridickte the effectiveness bls^nitation piir£(ictices in the 
prtocqssing plant Pppylatibris of bacteria on surfaces of raw poultry'^^^^ at 
the end of processing vary^ but typically the range is frorn vlQ? to^^^^^ 
mesophillic organisms per inch^ (ICMSF. 1980). Because the |>6;s^^^ 
environment is frequently refrigerated, a Ibw-level reconta^m with 
psychrotrophic bacteria almost afwsiys occurs. The psychrotrophs are important 
because they increase in numbers even though th6 products are stored at proper 
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refrigeration temperatures. They ultimately cause spoilage and thus determine 
:^the shelf Trfe of the product When chicken is held under refrigeration, the micro 
flora begins to shift toward psychrotrpphs of the Pseudomonas-AGinetobacter- 
Afbraxe//a group (Barnes. 1976). Earlier studies by Barnes and Impey (1969) 
found that the organisms most commonly found -growing on poultry (^rcasses at 
low temperatures (around 1*^0) were pigmented and non^pigmenteiEi species of 
Pseudomonas, Pseudomonas putnfaciens^ and strains of Ac/nefpbjacter. These 
authors also noted that M putrffaciens grew much faster on leg muscle than on 
; breasty and explained this on the ba^is of a drfferenqe in pH r leg muscle having 
pH 6.4 - 6.7. and breast 5.7 - 5,9. In an earlier report (Ayre§ v1959)v it was stated 
that the microbial populatiori responsible for spoilage of the refrigerated product 
(4?C) was psychrotrophic. After: 12 days storage, the dominant psychrotrophFc 
population was 90% Pseudomonas-Achrpmobaeten Pseudpmonads -were the 
most significant Gram negative rods associated with spoilage of ppyltry. 
.2.3. IMRORmNT PATHOGENIC MIGFIOORGANISMS JN CHICKEN : 
; ; V, Tli^:^priesence <^^^^ i;i^a)th;^,concem. 
Althoyghieifforts are bS^^ none of the 

currently ■ proped^ can J/ prbyidfe fSattv^ln^ 

Gampj^daicf/e^ mon^ and 

: Ss!mon0lia are? often present on fresh poultry because the steps inyplyed in tho 
slaughtering process are inadequate to eliminate these organisms. Although the 
recently mandated Hazard Analysis Critical Control PQints (HACCP) procedures 
have reduced the incidence of pathogens in fresh poultry, there are still a 
substantial percentage of the product which harbor the pathogens. The level of 
colrfomis has been commonly used as an indicator of hygienic conditions in the 


handling of fresh poultry and the mio-obiologicar quality of meat^and' poultry 
, produets: HoweveF, since multiplitatidn of certain psychrotit)>3hiclaDlifpnrni5^ w^ 
occur duririg refrigerated istorage/ the-colifoitn-resultis;iose theiriSigniffcance as 
an iridfcatof of the hygienic condtfiohs during production wheii samplihg is done 
at a Iat6r stage in storage^ ?his is also ohdj arnong several, r^aispfis why cblifonin 
values are rrqt an effective indi^tor of the safety of refn'gei^it^i poul^products. 
Atthough severar bac^eriiali pathE^gehs?^ h^^ 

human illnesses. Saifrmnel^ sm^- ^ ^re^ tejf primary 

conteiTiporary coni^m. dm 'majot huniSn pathogens arrd pou 

poultry#rodocts aire^fr^^^ ofithese baGteria (Bryan and ©oyie, 1 994). 

Public liealth dffiG that Ca/fj/Sy/obacfer isolateS' are respolisible for 

ICl Willfon to 7 milli^^^ food borne ihfedtiong and 110 to i^^ By 
cohniparison; food borne Sa//770/ie//a srekeriS sbririe 700^000 to 4 niillipn peopi , 
though deadlier than; campylobacterSi kill^ 20d6 per years(/^bh. 1998). 

Costs i&ssociafed With hurilari'sa^ irr the; UhiteiJ Stat^i; have been 

esfirifiatied t#be froTti 1-2.3 billion dollars Einriyally^nd that^f^^^^ 
have besen estirhatied to be between Tess thrift k million fO 1^4 Killidh dollars 
annually (Bryan and Doyle,^1994);>USDA e^ thdt iipproxirtiateiy 40% of 

all raw poultry is coritaminated with Sa//iRdne//;a: (Sugars 

reported oecurehce of C. Jejuni m '^buttry ranges from 0 to 1Q0%, tWi^ rhedian is 
62 % positive (Bryan and Doylei; 1994): poultry 
products bbtild lead to hurnan illnessesV deaths and associated oosts to the 
poultry ihdustlY and co^^ 


lA.i. Campylobacter sppl ''■■\^ii{^'t::i:i$fi^ 
Campylobacter \Nat recdgriiizied as ah ianimal pathogen lorig before; K^^^^^^w^ 
identified as; human pathogen reisponsible for gastroeinteritis; (Franco and 
Williams, 1994). Before 1972; vvh^n methods were developeid for Its isolation 
from feces,.:it was believed to be pnmarily an animal paithogen causing, abortion 
and enteritis in sheep and cattle, l^eir importance as a cause of human diarrhea 
has been recoghtzed only relatively recently and was quickly elucidated that 
mdhy outbreaks of Campy/dddii^fer enteritis had a food pngihi Gisroipy/odacter 
ye/un/ was resporisible for m6st such outbreaks (CDG^i988)w '''.i-'':^:.^'/-:-.^:iy 

Campylobacters are Grdrn-negative, highly mptile. small, spiral^shaped 
cells. They are rhicroaerophiilic organisms, which meansv they v have a 
requirement .for reduced levels of oxygen. They are relativelyR fragile, and; 
sensitive to environmental stresses (e.g., 21% oxygen, drying, c heating, 
disinfectants, acidic conditions). The genus has been reviewed: by Penner 
(1988). Campylobacteriosis is the name of the illness caused by C.^e/w'?^ It is 
also often knowhv as Campylobacter enteritis or gastroenteritisy^^ 
common clinical isymptoms of: intestinial infection with Ci /Qft/nf are.; abdominal 
painv fever and diarrhea, sometimes accompanied by vomiting. ^ Rain and fev r 
may precede diarrhea. Diarrhea may be profuse, watery and frequeht or 
alternatively bloody, vin the dysentieiry-like syndrome, fresh : bloodi: -niiUcus and 
leucocytes are found in the stool (Walker ef a/., 1986). Although diarrhea may be 
severe, dehydration is usually only a problem in the young or elderly. The illness 
usually occurs 2-5 days after ingestion of the contaminated food or water. Illness 
generally lasts 7-10 days, but relapses are not uncommon (about 25% of cases). 
Most infections are self-limiting and are not treated with antibiotics. However, 
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treatment wfth erythromycin does reduce the length Of time that infected 
individuals shed the bacteria in their feces- The organism may be excreted in the 
feces for several weeks. Bacteraemia is rare. Illness is caused by infection of the 
jntestiriai tract Illness has been paused by the ingestion of as few as 500-800 
cells in milk (R^^ 1981; Black etaL, 1983). The mechanisms by which C. 

, j!Bjuni or eo// cause diarrhea are suggested by the clinioal symptorns. 
i^ecp^tpry or watery diarrhoea may be;, c^^^^ to the 

mucosa in the proximal small intestine an^^^^^ et 
aL, 1984, 1986). Oyer 70% of G. /e/L/n/ strains ate 

and Libr, 1986; Walker ef a/.^ 1986). Gylotoxin could be important in bloody 
- diarrhea. Recent studies siiggest that Campy/obac/er infection rnay be linked to 
iQuill^ Rertqr^s Syndrome and other forms of neuromuscular 

paralysis (Smith. 1995)^ 

^ Since foods may contain^nly a few <;ells. liquid enrichment methods are 
normally required before selective plating in order to detect contarnihgtion with C. 
jejuni these organisms requires incubation at 42°C 

under microaerpbic conditions (5% oxygen and 10% carbon dioxide). For 
isolating C^ Je^r fixjm chicks blood^free.charcoalrbased agar 

(GCP blood-free agar) appears to be at: least as selective as blpod^containing 
selectivev agars in restrieting the growth of contarhinants while allowing good 
growth: of Gampy/o6acter colonies ( 1986); Can7py/d/)acfer colonies 

iare nonrhemolytic and may be flat spreading and with an irre^ or 
discrete, circular-convex and 1>2 mm in diameter. Suspect colonies are 
examined microscopically for the characteristic morphology and darting motiiity of 


campy lobiaeters. eampylobacters in food can be enumeriatedreitheF by ah MPN 
" technique orbydire'dt' plating';:'-.': {;'y..-~~\{-'y'::^-/:i^^ 
: The intestinal tract can harbor C yW"^^^ C. cx)// with no^jeyidence of 
v^illhess in a wide variety of wild arid domestic : warm-blooded anirnals (Franco^ 
989; Skin^ow. 1 991 ). eampylobacters ; may infect man after direct contact with 
animals or; indirectly via contaminated wdter* milk or meat: Sincae Qj jejuni is 
regylarly found on retail raw pGultry, poultiy is the largest p£>tentiat source of 
Campylobacter for humans (Blaser ef a/^, 1984). The' Oonsumptiqri^^ Qf rare or 
;:tjndeF-Gooked poultry h£^ beeni irhplicated in> a number o^ ^mali routbreak^ ; 
(Skirrow. 1582; Blaser efc aA, 1S84; Istre a/., 19JB4; RGsenfield>^^afi,^1 
Sporadic cases of j Gampy/otecter enteritis vastly outnumber ttie ease^^^ in 
outbreaks and rpouttiry is believed to be responisible for niany of ?the sporadic 
cases (Stern. 1992; Kayser, 1988); Hams ef a/, (1986) estimated 48% of 
campylobacteriosis.cases wiere due to consumption of: contarninated>;5Gh|cken. It 
has been proposed that- human infection is morev likely from chillieci: than from 
frozen chicken because-^of the higher numbers of^campylGbaGters siiryiving on 
the former (Hood e/ aA; 1988)i At retail outlets,. campylobaGteis Sire j^^^ 
higher numbers On chilled-fresh thanvori frozen vcbieken (Gilhvand^+iarris, 1984; 
Mood et aL, 1988)^; Campylobacters can be isolated from freshly slaughtered red- 
meat carcasses, but iri:smaJler numbers than on poultry (Doylei.l 984). 

^ eampy/p6acter:i /e/wrt/ is: -relatively sen to the- lethal efF(gcts of heat, 
D55 values ranging from 0.6 to 2.3 min (Roberts, et aL, 1996); The heating 
milieu appears to have only a small influence on heat sensitivity, except that cells 
heated in 0.t M phosphate buffer (pH 7.0) exhibit a significaritly faster loss of 
viability compared with cells heated in peptone solutions or in foods (Gill and 
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Hamsv 1984); Maximum heat resistance occurs at near pH 7.0. and decreases 
as pH moves away from neutrality, z-values range from 4.5 to 8.0 for 
temperatures between 48 and 60°C (Roberts; et aLv1996X^^ Campylobacters are 
readily destroyed by pasteurization. Pasteurization is a critical control; point in 
preventing hurhan infection. C. jejuni \s at least as seinsitive as co/f td chlorine 
and Ghloramihe (Wang ef aft 1983; Blaser ef a/.^ 1986) Proper chlorination of 
drinking water and maintenance of distribution systems are critlcal^©^ points 
in preventing infection by waterbome campylobactefS; 

There are two ways in which; CJ. jejuni on raw meats can remain present 
oh foods rfeady meats may be eaten raW or undercooked, 

■or, probably more importantly, Campylobacters may be tfansfen^ed from raw meat 
to ready-to^at foods. G. jejuni is readily destroyed by cooking at temperatures 
of 55^0**C for several minutes. Control also requires precautloris to avoid cross- 
contamination when preparing meals. Handling raw poultry or offal meats can 
lead to the contamination of hands; surfaces and other foods. Blood and chicken 
thaw-liquor have protective actions^and- markedly increase the survival^ time of 
camplylobacters (Goates et:^^^ 1987).j Cooked meats and other fbbds^ can be 
recbntarhihated if plated on- plates or surfacesi that have^ held >raw; meats, 
washing and dryiiig hands removes even heavy inocula of C. jejunii' f\6we\er, 
kitchen staff bfteri mdrely rinse their hands without thb et ai, 

1987). Auto^irifectioh may .takie place: directly by the hand-to-mouth route during 
food preparation. 

Campy/d6acterye/tf/7/ has moved from relat^^ 
prominent position as a foodbomb dian^heic pathogen iri the 1990s and is the 
niost common bacterial cause of enteritis in the Unfted States (TaUxei 1992). 
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However, it can not be dismissed as only a cause of a temporary, inconvenient 
gastrointestinal infection. It is now realized that C. jejuni is a cause of severe 
neuromuscular paralysis. Most of the burden to the public firbrh infection by 
yey/zn/ is economic: the cost of gastrointestinal illness induced by the organism is 
enonmouis and if that cost is coupled with the presently unknown costs of C. ye/am 
complications, the economic liability is unacceptably high (Sniithi 19;9§). 
2:A2;^ Salmonella spp. 

A msijor health concern in poultry is the well-known association of 
pathogenic microorganisms of the Sa/raoneZ/a group with the poultry production 
environment Poultry is still considered to b^ the single most important source of 
- salmonellae (Cunningham. 1987). In most cases, careless handling of foods 
before consumption has been primarily responsible for the food borne illness like 
salmonellosis. Sa/mone//a is not a heat-resistant organism and properly handled 
and/or cooked poultry constitutes no health hazard. Cross contarnlnatioii to other 
food that are notcbbked are thd main concerrt^ 

- Salmonella wa$ recognized as a food borne pathogen before this^^c^ 
and has become recognised as a major cause qf enteritis throughout the wortd 
ii(Bryan and Dpyle, 1994); Budd ; (1874) was first tQ jnfer that typhoid ^fever was 
itransmrtted by water and food. Sa/mone/Za;^^^^^ the etiological agent of the 
disease, was discovered in 1880 by Eberth and isolated m 1884 by ^^^^G^ & 
cholerae-suis (the typie species) was isolated from svyine clinically diagnosed 
having hog cholera (Salmon and Smith, 1885); The genus narne was coined by 
Lignieres in 19Q0 in honour of Dr Salmon's work. The firsMaboratory-confirmed 
outbreak of food borne salnrionellosis involved 57 persons : who ate meat from a 
sick cow, S. enteritidis was isolated from the .organs of a victim who had not 
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. . survived and from the meat and blood of the animal. Sinews theiTi^ salmonellae 
: have tiecome; recognized as a- majoF cause of enteric fever andjgastrqenteritis. 

Sa/mone//a is a genus of the family Enterobaetena 1984), 
Members of the family are eharacten^ed ^ as Qrara^negath/ei. ^^v^ 
anaerobiCi honrsppre-fonming; rod shaped baGtena.:; Mbtiiev fomis have 
pentrijE^sous flaQiella: Most rnembers of this family are found in tliie injtestinal tract 
of man and other animals as either pathogens or c©mmensai^ Appro^^^^ 
2200 serovars of 5a//nDiie//a have been identified (Biepneiv 11^984; Ewing, 1986). 
IpWerent serotypes dominate iri different parts of the woridi butril-s^iepi that $1 
fypMimurium is the type most frequeiitly encbunt^redf 0ther; irnportant iSpecies 
incliiide S. enfe/7fo'c//s, S: heidelberg, S. agoha, S^ mvjffm^ $^infaritis^ S^ 

Salmonellosis remains one of the three most rcomniipri'^ f^^ borne 
diseases, artd pbliitry and poultry products are the major sduF©e of $aJ^^ 
in man (Siiliker. 1982; Bryan; 1980 and 1981 rToddf l 

of cases is 1 eOsOOO fdr Canada and 1 ,300.000 for the U.S Av with medical costs 
ill the OiSJVv exceedihg $1 ;2^M 

salmonellosis '&re entefocdiitis or gastroenteritls^^^^^ and 
fecal infecti6h? of yartous organs that -may follow bacterimiai Gortimon/iSigns and 
iyrhptonrtsj of gastrdenteritls^ nausea^ abdominal pain, mildi fever and 

•chills; The incubation period ranges from 5 h to 5 days, but signs and symptoms 
usually begin 12-:36; h after ingestion of a cont^rnihated foodi 
usually lasts 2-5 days: Fbr enteric fever, the incubation period rangesifrom 7 to 
28 days: Malaise, headache, high persistent fever, abdominal pain; body aches 
and weakness occur; comnrionly With either pea-like diarrhea or constipation. 


Nausea; vbmiting, dough; perspiratibh, chills and/ andrexfa mayi bccur#i Rose 
spots sometimes appear ort the trunk, back ahd chest A slow heart rat , a 
tender and distended abdomen, enlarged spteen, and sornetimbs bleedipg from 
the-*bowel br nose are observed. The Senses are dulled and patients may 
become deliribus. Relapses sornetimes occur.- GonvalesGehf» is slow, (1-8 
weeks). Bacteraernia or septicaemia is cabsed by the presence of salmonellae 
In the blobd. The result is a high; persistent fever, pairr in thie back, abdomen 
antf chest, chills, perspiratibni malaise, anorexia end weight |qs&^^>1^ 
may be tfariSient or chrbhic. Strains of S: typhimufium, S»: cAiQ/efa©^so/V and 
duMn are liable to invade the bloodstream and fecal infections? of vanoMS tissues 
may follow: Although uncpmmoni identified; sequelae JncludeK'appendicffi 
arthritis, chdfecystitis; endo2ditis, local abscesses, meningitis, i;psteomyelib^^ 
osteoarthritis, pericarditiSi peritonitis, pteum, pneumonia^ and? ^urinary tract 
infection (Archer and Young, 1988; Smith etal;, 199^: ■ '^ - '^^^^^^ 

Early s;tl!idies in hiirhan vblunteers indicated that thei ingestion of more 
than-10*^^almori(ellae was^^ t^^^ reqljired to cause illness |n preyibusly healthy 
adults: (McGullough and Eiselei 1951); In some instances, howeyei^^ : particularly 
^hen the vehicle has been either water op fatty or buffered foodsv smailihumbers 
(ejg^< 1 0G/g) of saimoneilae have been found in the epidemioiogically, irliplicated 
foods ( DV^btiSt and Pivniek, 1976; Blaserand NewmaniVl982)^ v • 

>^ Rbutihe detection of saimoneilae involves a sequence of pre*ennchmerit 
enrichment;; selective differential p listing /Isolation and identification; Incubation 
tinies are usually 16-24 h. Normally, incubation temperatures range from 35 to 
43°C, although incubation at 41-43?G often results in increased detection of 
saimoneilae. Commonly used selective broths include tetrathionate with brilliant 
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green and selenite with cystine. The presence of. salmonellae is deteritiined by 
plating sanriples of enrichrnent broths on selective plating meciia< Commonly used 
sefective plating media include brilliant green, bismuth sulphite^ Hektpen enteric 
agar, MacGonkeyi . deoxyeholate citrate . ;,?nd Salmonella^higetla agars. 
Salmonellae are enumerated by: tlie- roost probable numbeir technique (ICMSF, 
-1 978^Specki, 1 984) iandf direGtfpj 

Salfnonellae are found wor^^ ang are uni^^ersajly: Pfog^n^ as 
zoonotip agents. Salnaonellae reside toi the^J 
(including human beings); Fpods of animal origin b0conie (x>nt9iinin^^^ 
fecal contamination of the environrnent sind equipment jSpssrC^ntarnination is 
produced by contaminated ravy foods during fMr^ pieparation. 
SBlmonella can also ' become establisheid : and roultiply (n ■ tfie -environrnent arid 
equipment of a variety of fobd*processing facilities., Turkey, apd^^ip^^ meats 
are frequently identified as vehicles rin; outbreaks of sa^^ 
carcasses and parts are freiquently -contaminated with salnponejlae, which reach 
carcasses from the intestinal tract pf frorn fecal material pR= fePt and; feathers, 
erossfcontamination is a particular s problem, and; . crftii:^!; f^^^^ 
dPfeathenng; evisceration and chillingi iaQro^ of 
.'workersi- and; ,of Pquipment - and j^^^^^^^^^ ,spread istiipv^j bacterium to 

uncontariiiriated carcasses and parts, ; contamination ^/ Continw^>g; during 
subsequent processing, cut'^up, and : preparation activities. Besides, eggs, milk, 
water and soriie non-animal origin foods like; coconut, barieyv cereal^ p 
yeasti cottonseed, chocolate candyi. soybean sauce, c^def,, waterrnelon. white 
pepper^ black pepper and: carmine dye have been- identified- as. vehicles of 
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salmonellae. The mpotXahce of Salmonella in foods in international trade is 
(Ximpfbhensively reviewed by D'Aoust (1994)- 

ii Th6 minimal growth temperature is important in refrigeriated fo3ds. The 
growth rate bf Salmbneliae is substerttially redubed at < tS^G, while the growth of 
indst salmonellae is prevented at <7"C. Slow growth in foods that are stored for 
extended periods in chilled cbhdii^ions (but within the growth range for 
salmonellae) is of particular concern. Stprai|e of perishable foods at 
tfernperiattjres below the minirhurti for growth is essential for safety. As the 
rtiiaximum temperature for groW^ The rate increases, 

with iricrieasihg temperature. The maximal growth tempieratUFe (i4i9t5*'C) is 
irtiportant as a^ value above which: hot-stdr'ed foods must be nhaintained t. 
prevent the growth of salmonellae; Although i55?C would suffice; 63°G is often 
specified in regulations. Although freezihg can be detrimental to salmonellae, it 
db^s not guarantee destruction of salmbneljae in fobd;. Sa//ho/7e//a are sensitive 
tb heat and Heat-resistant strains are rare. Ah example is the uniqU<e strain 775VV 
' bf S. -5e^en/je/g/ which is considerably more Tesistant than other ssilrhGnellae in 
nr)oist foods: Heat resistance is irtfluericed by this water iactiVityf nature of the 
-sblutes and pH bf the suspending mediuni: - Heat resistance increases as the 
Water activity of the substrate decreases j Reducing pM reduces heat resistance, 
^ " A^ not form spores; they can survive: for long 

periods in foods and other subistrates. Sialmonellae survived longer than 10 
weeks in butter stored at temperatures between - 23 and 29°C (Sims ef a/., 1 969) 
-arid for 6 months in milk stored at room temperature or in an ice box (Berry, 
1927): On a range of vegetables, including green beans, beets, cabbage, 
carrots, celery, cucumbers; lettuce, peppers, radish, spinach and tomatoes. 


salmonejlae Qdnsffs^^^ survived for more than 28. idays^^ a 2-4v!E^^9,^d^ half 
that time at room temperature (Felsenfeld^ndr YourfSj, 1945)w.. JP)d^^ 
thie dry enyirpniT^ of chocolate is remarkabl^nuniltjej^ vde^ 
oyer morith^ iri milk chpqolate 

(Tammmgsi, ^t a /S9lmonellae;:aIs% suiv as 

ceramicv gtllass arid stainle^^^^ 1x^€f4.> £in skin 

: :(^etfe^r^9pd Qnbe^^ . . , • . 

7 Since Ipjjiv^ nup^ G?ius§,^)lniB^».vli^^ to 

ensure their absence from ready^^ food? (Biya 

/pl©pedijres in^ step to assure the< c|estnjctK?i%v pf in ^ 

contamin;3tei* foods^^^^ .raw , agriqgltural prc^ductSu ol^^ 

prevention qf con^^^ 

high^tempenatur^:StQ^ foods that preverit the gr€>yi^ o 
cons^quences^o|t^ will 
cqntinufe; urilessi s nieans is devised gpd jpfipleni^nte^ either 
elirninate tlieise;;fe 

2.5 MEASWEIES TO pQNTRQL MICROpRGAN^^ ON POUp^SM^ 

V. . ^The need for a vt^)^^ 

prevalence of spoli^ it 
:safBr and niore[^shelf^stable. ^ Efforts to. eliminatevf qr ^ut}st<aritially decrease 
bacterial populations on poy^ have been rnade by the^. poultry incJiistry. A 
variety of i&ntimicrobialfti^atrrient^ broiljep^careas?€;s haye^^ 
with prirnary focus on those that are practical and effective^^Ma^^^ 
that are^ employed to ensure the microbiological safety of poultry include 0) 
procedures that prevent the access of iplcroorganism, (iO procedures that 
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inactivate therh should they haVe gained access, and (lii) procedures that prevent 
or slow dbWn their grovvth should they have gained access and not been 
inactivated;- Traditional preservation procedures act in one of these three ways. 
Hot water ■ ■ 

The OSCDA's Food Safety and Inspection Service (FSI§) recently approved 
the use of hot water (".....heated to any temperature provided suffident 
safeguard exists as an acceptable antimicrobial treatment dunng>?fiWa1:':V^^^ 
wcarirass (USDA, 1994a). However, hot water immersion study I^ .CJo et al. 
(1974i) demoiistrated that broiler carcasses subjected to 6d*?G water treatment 
exhibited a partially cooked appearance; 
Chlorine ■: 

One approach has been the application of decontamination treiatrnents to 
carcasses during processing (Todd, 1980). During poultry slaughtenngv birds are 
killed, defeathered. eviscerated, cleaned and chilled by immersion ih/ cold water. 
Currently, chlorine is used in chiller water to reduce microbial popiilations on 
► poultry carcasses during immersion. Chlorine is used because of its generally 
recognized as safe (QRAS) status* efRcacyi availability and relatively low cost 
^(Tsai et alii 1991). However, production of off flavor^ carcass rdiscoloi^&tion and 
possible fortnation of: chlororgenic compounds as a result of exposlnig poultry to 
free chlorine (Cunningham and Lawrence* 1977) has prpmpted a need for 
investigating alternative methods to decontaminate carcasses. 
Hydrogen peroxide : 'v;;: . ' ■■^■■■■■■^■r \-v- ■ ''i'-?-?^' 

Hydi-dgen pero)(ide at 6j600 ppm or higher in chiller watier has been 
shown to reduce populations of aerobic microorganisms by 95-99.5*/ ; v5i300 ppm 
or higher reduced populations ol Escherichia cp// by 97-99.9 • /o '(, Llllard and 


ThprrisorTv 1983); However, the reaction Qf hydrog^ni peroxide vtnth , catalyse from 
broiler carcasses causes discoloi^tion and swalling (Hwang and Beuchat, 1995). 
Fletpher. et al.. (1993)^ in a thr^step n>se,process:Us|ng sodium 
hydrogen peroxide solutions to decontaminate broiler surface adhieyed ;only 0.3 
Ipgio reduction. He observed that, it is questionable whethar the bvel of bacterial 
reduction would justify the use of sMch a procedure: in lieu of other available 
.methods." 

Trisodluni Phosphate (TSP^ 

A process using food-grade oFthoph0sphate 
Salmonella spp. on chicicen carcasses has |)een approy(^ by USDA^» (Gies . 
1993). This process has been reported to reduce populations of Sal/rion&lla spp: 
(Geise, 1993; 3M; 1994), E. co/f:(Geise, ;1:993)^ Ga?i7P)^^ (Stem, et al:, 
1985) and 5: aty/ai/s (Lee; ef a/>;1994) on chicken,, but the population reduction 
oh total aerobic microorganisms (-3M, 1994) is much lessi y ; 
Oroahic acids^ : j-f- V; i. .■•y-:-:)-- 

Organic acids have been investigated bebause of theiroibacteriddal 
activity; and because they are generally recogni^^^^^ safe (GRAS)+ /iTTiey ar6 
utilized jas preservatives in rhany food ;^applicationa. Mountney :ahd ;^0'Malley 
; (1965) studied the use of origanic acids to ihcraasev the shelf life of poultry. Acids 
■were hsi^st effective in the following order: iacetic, adipic, sucdnicv «itn*c,vlijmaric, 
and lactic, but the u3e of abetic acid caused the skin of the poultiy to:^ 
leathery. Reynolds and Carpenter (1974) also noticed discoloratjpri and: rissidual 
bff-odor in pork darcasses treated with 2v32^ M^^^^^ acid (1%) 

teduceii Salrriionellia typhfmunurh froirn broiler 
carcasses (Mulder et al , 1987); hoWeveri such treatment was later shown to 


discolor the meat (Izat et al.. 1989). Citric acid was fbufid to be 'most irih to 

Salmonella atid as littie as 0J3 % citric acid lowered the fevel-df these organisms 

Bri pJdbltlry (carcasses (Thdmsoh et al./ t967): Fbrther-6\/al^ of ori^^mc acids 
%iay provide an econofriicdl dnd efT^dtivo ' meaihs df cohtroiling microbial 

cdhtaminatiori during proobssirig. ■■ 

Other chehilbate ■' 

Treatment with dzorie (Shteldon and BrdWn, 

(Robach and SofoS; 1982), chlorind dioxide (Lillard, 1980; Thiessfeh et ah/ 1983), 
iodium lactate (Zeitoun and Debieivere. 1980) arid glutar^ldehyde (thorrisdn et al.; 

1 977) hj^ve been shbWri to reduce microbi&l piQipulatiofT on poultry -carcasses. 

However, factors such as cost or adverse sensory changes that caif resiult from 

treatmerit with these chemicals hag preVehted lihfeir uisiage^^^ 

■•1995). ■ ■ ■ ' 

^In-adiaitioh ' ' ^■ .v; ■ 

ionizing radiation is effective ih decontaminaitiRg poultiy csircasses 
(Mulder et al;, 1977) but its Application mdy be limited by (^nisurher acceptance. 
Moreover, it has a high initial Capital iEsxpense and is difficult to incbiporate in 
■■'eiitisting ■processing-line.-- !v <: v.r;--- ^:-.*-'^;^'^ ^-.t-r^ -V 
Mbdtfied Atrnbsbhere/PackaaihQ/ Veco oackaointi 

The Use of modified atmosphere packaging for extehsibtt: of shelf life 
of freSh poultry Was investigated (Finrtei 1982) with some success; Huahg;( 
bbseh/ed slower growth rate of spoilage microorganism in chicken ctrt-^up jaiarts in 
vacuum packagingi However; there lis a bi^ risk 6f growth of any facultatively 
anaerobic or anaerobic psychrbtrophic pathogen. Aliso, the process i^ expensive 
for a product like fresh chicken. 
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Other control measures 

Uitraspnic energy (Sarns and Feria, 1991) an(J, urtrayioIet radiation 
(Stremer et al^. 1987) treatments have also been (X)nsidered, l>u|t >(vere iheffecti^ 
for products with irr^ularly shaped surfaces. Other pptential nqrirrthermal 
methods to extend shelf life such as, Pulled Electric ,Belds;(PEF) a^^ Pulsed 
High-intensity Light (PHIL) technology (Yousef. 1996), High,Hy5|rostatiQ Pressure 
(HHP) Raffalli et aL, 1994), Bacteripcins (Shefet, et aL. 19gf) etc. were studied 
with limited success. Flash; steam, heating followed, by evaporatiyeh cooling 
(Morgan, et aL, 19961, Cygnarowicz-Proyost; 1994) vyas reported to be effective in 
some cases: TTiese -mflhod:^^ a yet fullyvv^eyelpped np^^^^ 

2.6 GiTRie AQID AND SODIUM CITRA^p AgANl"!iyilpROEflAL 

Cibic acid is a tricarboxylic acid having a pleasant sour taste, and is found 
in a variety of natural foods. It is highly water soluble and enhances ihe flavor of 
..citrusrbased foods*. , It is ^agproved for use in ice. prearrii sherbets and ices, 
. .beverages, sailad dressings,; fmit^preiseryes, and j>ms and jellies, and, it is used 
as arr addulant in canned yegetables and dairy products.. ^ It is a precjiirsor of 
diacetyl and therefore indirectly improves the flavor an(^ arorna of .a^;variety of 
cultured dairy products. It. can coptrpl the pH -for optimum pel^ Citric 
acid also acts- synergistical^i \yith; antioxidants^ to prevent r9nc«dity by chelating . 
metal ions (Gardner,. 1972). iCitric acid fe^^ approved as a. QRAS sul^stance for 
vmlscellaneous and generalrpurppse usage, in the acid fprni (21 CFR 182.1033) 
or as the calcium (21 CFR 182. 1195). potassium (21 CFR 182.1625). pr sodium 
salt (21 CFR 182. 1751) (Code of Federal Regulations, 1977). 
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Murdock (1950) reported that citric acid was particulariy inhibitoiy to flat- 
sour organiisms isolated from tomato juices. Little bacteriostatic, activity was 
i^-hoted atpH 5^0, but with lowering of pH level, the inhibition increased. Fabian 
%nd Graham (1953) compared citric, adetic, and lactic acids with respect to 
inhibition of thermophilic bacteria: Citric was the acid of thoice. followed by 
acetic and lactic. Skm milk acidified with hydroehloriG, lactic, or citric acid was 
inoculated with S. typhimun'um. Citric acid Was found to the most inhibitGry to the 
'salmonellae. followed by lactic and hydirochloric acids (Subramaniah and Marth, 

i^esy, ■ 

Cbnt^ritratidns of 12-12.5% s6diuiTi -diti-atev W^ 
and S. bran/e/7f)u/y (Davis and Bames, 1952) . As little as 0. 3%^ citric acid 
lowered the level of salmonellae on poultry carcasses (Thomison et al:,1 967). 
Sodium citrate in concentrations of 0.1-4.0% were not inhibitory to Sfreptococcas 
aga/ac£fae when added to skim milk or fresh milk; however, citric acid at 1 ; 2, arid 
4% wais inhibitory. The minimunri inhibitory coriceritration was judged to be 0.8%, 
which g&ve a pM of 4;08»' 4.12 (Siriha et al; V 1968)VThe amourit of sod^^ citrat 
had a dual effect on Lacto6ac/7/t/s case/ ((hiai. et al., 1970).Mn coneentr^tions of 
12-18 nM/ml, - sodium citrate was found ilo be stimulatory* whei^eas in 
•^concentrations greater than 40 |iM/mi; L 6ase/ was inhibited. Chelation of metal 
ibris by citrate may be the cause of the inhibition (Branen and Keenan; 1970). 
Experiments using S; iaarBi/s showed inhibition; ; both with: - increiasing 
concentrations of citrate and decreasing pH. It was believed that citrate was a 
chelator of ions eissential for growth; Inhibition by citrate could be overcome by 
adding Ga^* arid Mg?* ions (Rammell, 1962). 
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2.7cHEAT. PASTEURIZE . -.vor ^; /S^.lfe 

Heat treatment and low temperature stor^giB; 9 twro pf t^e main methcxis 
of fbpdv preseryatfm Refrigi^r^tipn hag. the adyacitage of leayifjg^^rggnoleptic 
properties; and ntrtntive yalue; of fopds almpst unehanged,^^ Hoyyeyjer riefngeration 
do^ not necessarily ensure fScMpdi safet/^^ 

fxiicroprganisrns ensures safe^ and clpngtinr;^ fc^iit the effects of 

heaion foods can atep^.^^^^ Sprae themnial^vp cause 

significant drastic qh?ingesi iororganpleptic pr^^^perlies aod. re^^ 
value/ As no other method of food preservation to replace hieat .hj^#^^^^^ 
dQvelopedt new jipprogieh in hps ansesn^ This is th 

c?pmbinatIon of hea^^^^ Pther methods that together erihan tethpf effect of 
hestt on; microprganisnris and result in>?a Jpwiering of the jfitensi^ p^conventfonal 

, heat treatments. This; approach has latejy reviyedt^the, intej:esjt of scieritists in 

; whati>as beqonrie known as the 'preseivatiorr pffe^ 

V Altlipugli the preseivation of fb^ combined processes is riot^new, the 
advance pf^scientific knowleidge has ppenedv new;! possibilities:.^!^ of 
different mlcroehvirpnm^ the heat resistance icpf^^^ 

^oi^anismsr is ; npvv much , t)ett^f|vjkn lethal effecjts; of sprhe^^:p 

: phenornena haye /been >c reported, < For exairiple^; the combin and 
reduced ;pM to ; lower micrpbial heat resistance allowed the use of n\ilder heat 

^Iregtrrients arid- was one pf the first combined process!^ be>emplpyed/ Other 
combinations widely used- are those with sodiurri/^ phlpride, nitn^ More 

recently/ technGlogical advances have led to the investigatipn of other possible 

J' 

combinations: These include the cpmbinatioh of heat-with uttrahighv pressures, 
which attracted the interest of many research grpups world-wide (Gould. 1973) 


and. most recently, the combihatioh of heat with anti^ 
orgahic adds; , th€i3e acids is W HHdo^umentied 

(Doores; 1 983); Cell walls, cell membrahes, itietabblic enzyrnesii^ protein 
oisynthesis system and genetic material are the main targets of theiir ictibn against 
..^^ia wide^ range otmicroorganisms. 

Wfth respect to the improvement of techniques for the inabth/aition of 
^microorganisms in fbodSi most effort and new application has cohcemed^thenmal 
^ptocessing. A panticular aim has been to minimise damage to- pitidycit quality. 
This- is t}eing' pursued in two/ often complementary, ways; Firstiyi byjthe wider 
applicatioh of more high temperaturershort time processings^ W 
aseptic packaging where relevant Secondly, by deiiveringr beat Iff new^w^ys, e.gi 
by microwaves or l)y eiectric«il resistance ("ohmic'^ heating Of foOdsi^Which alloVir 
better control of heat delivery and minimize the QVerH3doking that:*iM 
occurs in more conventional thermal processes^ * 
2.7.1 HEAT INACTIVATION OF MICROORGANISMS m Sfc 

Inactivation of microorganisms- by heat is a flincfamentat operation in food 
presbrvation- (Tolbdo, 1 993). Although Nicholas Appert first perforrned the 
V preservation of foods by heat in .France arbund? 1 810i this remained fbr a long 
time an empirical practice, until; the sdentific knowfedge on the mochanism of th6 
preservation effect began to accumulate. The works of Bigelow (1921) finally 
established the sounds b^sis bn which, still today, current methods of heat 
preservation rely^ •■^^■••.■■■•.■■■r'f-- , ' 

The observation; by Bigelow that; the death of microofganism&.follbwed a 
first order reaction kinetic pattern was essential for the future development of the 
technology of food preservation by heat Bigelow showed that eveiyi unit of 
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heating time of a microbial^ population at a given temperature reduced the 
number of viable cells by a constant proportion. By plotting the log of ttie number 
of survivors as a function of heating times; a straight line is thierefore obtained. In 
this plot (survival purve)( the minutes needed to reduce the number of viable cells 
to 1/10 (one log cycle) of its original value is now Known as the 'died 
time?, or value. When log values are plotted vs. their coctesppnding heiating 
temperatures (Decimal Reduction T^me Curve; BBWQ ), again a straight lin is 
obtained. T^he number of degrees -Celsius of temperature incr^asevforithe log Dt 
value to decrease by one log cycle is known as z value. The heatvresiistance of 
mi'E»'oorganisms is defined by these two fparameteris.^^^^^ a % valufe Js knowrh, 
the kinetics of death (Survival curve) allovvs predictjorr of the i numbers of 
survivprs after a given heating timei Furthermore, as Z:> value allow the 
;calculation of the lethal effect of each temperature, the total lethal effect of any 
given process, including heating and rCdQling phases, can be e^^ thus 
avoiding undue pverprodgssihg. w v ; !^ ■ ^ ' ^ 

out by food microbiologists on the influent of different 
factors on heat resistance of nlicrQ?Horg on the kinetics of :death, has 

led to some authors to question the^validity of^SGme publishedi heat resistance 
data and that of the^BigelOvi^S k 

and z values); once considered as Weill defined and constant parameters are in 
fact very variable^ being influenced by nriany factors. ; For exarnpte^^^^^^^^^ of 
heating menstruum is one of the most important and one of the^ -firsts to be 
known:^ But many others, such as thei water activ^ et ai, 1 980); 

sporulation temperature (Beaman and Gerhardt^ 1986; Condon ef a/.; 1992b) and 
groNArth medium (Donnelly and Busta/ 1980)v composition of heating medium 
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(Blocher and BUsta. 1983; Condoh'and Sala, 1991) and iriGub^tibn tiem^ 
arid medium after heat treatment (Cook and Gilbert, 1 968; Feeheriy ef dA; 1 987) 
Have also been investigated. Some heat resistance data reported Jri literature 
should therefore be accepted with caution as factors ihfluendng theise d^ were 
urilcnown to the authors or not taken into account The effect of sorhe influencing 
factors can be so big as to make the differences in heat resistance bietvi^een twvd 
populations 6f the same strain, bigger thari thoiSe betwvfeiBn two unrelated species 
(Put and Aaibensberg, 1967). The capacity of different parameters^td strongly; 
irifluence%e heat resistance of rhic cuitently an inipoitant issue 

in themiobacteriolibgy, as are the deviations fr^om theoretiGal death rate kinetic^, 
such as those reported by sprne authors on suivivalycuives arid DBTiQH Arnorig 
different deviations reported on the patterns of survival curves - (Mdiate et aL,; 
1971; Brown and AyreS, 1975), 'tails' and 'shoulders' are the mosi frequent and 
best characterised. A combination of : both can explain rribst.; if not alPdev 
Of linearity of survival curves. 

Tails'' are end portions of survival Curves that appear iwfth a^^^ 
slope at the final stages of heating; A corhprehensive review oft. the "te^^ 
phenomenon is that of Cerf (1977)i The different JiypotheSesr to explain this 
- phenomenon have been classified by Cerf into twb groups of theonejsr.'vitalistic' 
and 'mechahisiie?: "Vitalistic theoriies' try to explain deviations frorh tmearity of 
survival cun/es by postulating a drffere for each individual cell 

in a population. 'Mechariistib theoriesf assume a logarithmic death-srate and 
blame the appearance of deviations to methodological artefacts (Sturiibo, 1973) 
or to the development of a higher heat resistance durinig heat treatments 
(Mackey and Demck, 1986a). The development of a higher heat resistance of 
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, vegetative cells during heat treatments, reported: by differ^rit authors< would b 
due to metabolic changes (Mackey and Derrick, 1986b)^9r tO; ,intecactipns with the 
cheating rrienstruiirn. . Although the, fraction ofthie population haying a higher heat 
resistance Is normally very small, its h^at. resistance can^tiie 39 high that it cart 
■ . becqnie the factor determining the interisity . of heat treatments (Moats ah, 
1971; Condon ei al, 1992a). Ctirrent concern to reduce ih©;:^!^^ of heat 
. A. tFesitrTiients in order tq irriprove the .q,uality of food prodiac^ bis^^^l^^ a more 
^ V detailed study of death rate kineti^^^^^ rnodei heatotpesatn[tents>ln ;bu^ a way 
, ^ as tp take intd account deviations of logarHhrnic death rate.^ 

'Shouldefs^ appear in the fiistiportion .^^^ sufyival;:pjur^e5i; W 
< ; shapes. In 'shouldersV the slope of ; survival curv^^^^^^ and 
^ . sometimes the number of suryiyors not only: does, not de^^^^ can 
- . eyen j increasei This phenomenpn is less frequent in vegetative cells and some 
- . ; authoFs have related it to cel|v;plUFr|ps desegregation (Hanseri and Rie 

1963). 'Shoulders' are much more frequent in; spore suspensions, vjh some 
,v; ;iiy aiithp et aL, 1963; Lpwis ef a/,* t96,5)^ in spores^ are 

; >pften caused by a !ack^ proportion of a spore population is 

V > :v pftei) unable to geirhinate^^ The spores^are in a latent ('d Som 
S ^ can 'adivate' them, : restoring 

c^^ -Heat is a we|Hcnpwn activatiori agent During the first moments of a 
lieat treiatment tw^ 

,^ rate; and both :cataly2ed by heat the activation of 'dormant sppres' and the 
eoneurrenl and subsequent inactivation of: all spores. It is novy believed that 
(activation follows, as does heat iriactivation, first-order reaction kinetics 
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(Abraham era/., 1990; Sapru e^ a/., 1993). The balance between both rate 
constants would detemiine the profile of 'shoulders'; 

In the last 35 years, atterripts have been maide to dievelbp mathematical 
models of death rates that would include 'shoulders-i Shull ef a/: (1963). in his 
attempt to develop thei fi^st model, postulated that activation and heat inactivation 
were two separate and successive phenomena. Other* authors (AbFaham et a!., 
i1990) who also postulated that activation is in faet the limiting faetbF of the 
> iriactivatioh phenb shared this ofjinidnw Oh the Gontrary, other 

authors (Rodriguez et al, 1991; Sapru ef ak, 1992) believed that both 
phenomena are simultaneous and a prior 'activation* is not heeesfeary for sppries 
to- be inactivated by he^it. There is no agreement about vyhie^eF the heat 
resistance of activated and dormant spores is thief sarne; While some have 
developed mathematicaf models assuming equal heat resistiariGe (Rodriguez et 
at, 1991). the mbdels of others assume that they are different;, (Saprii ef aA, 

Other deviations of linearity of deMh kinetics ?in BRTQ- hav^ also be ri 
f reported. However, these are less known ! and there: is nd agreenfient amon^ 
^authors/ White some investigators have higher 
temperatures of treatment (DRTC curves bend upvyards) (Wang et aAv 1964; 
David and Merson ef a/.. 1990) othera have reported that they decrease (Cerf 
and Hermier, 1973rHermier e^a/., 1975^^ Jn some a uthors^ opinion (Cerf and 
Hennier, 1 973) the decrease of A values at high temperatures of treatment could 
be due to a thermal shock that would be greater the higher the temperature of 
treatment, causing the DRTC to bend downwards (decreasing z values). 
According to these authors the higher Dt and z values at higher temperatures 
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repoited in literature would be explained by rnethodological errors^, ; Difnculti s iri 
the measurement of the .yejy shprt heating times involve (n^^^ 
treatments Would result in poor estimations of h€|ating;, tim^^ ;Much therefore 
remains uncertain about heat restetan 

Despite sgbstantial efforts 
#ie ro4^c|hanisfj;i(s) of heat inadiy not yet oleap. Aca3rding.i9i^ the first 

iritferpretatio)^, the ^jtriet /logarithn^iev prd^r of deaths as postuli$|^dv|iV^>Bigelow; 
could most easily be explained, by a^ metcha of one 

sing le or a smal^ number of vital rnolecules per cell. As tJne : kihetics tpf leell deatfi 
have be^me better known; many authors have ai^^mpted tQi\exf>lajri^deyi 
^om linearity ; by: Jmplying^^. i these; mechanism dMerent yitat moleciiiles and/or 
strtlcturesi H^at lias beeri Teported tbhdanriage 

damage to cell m^mbFanesv nbpsomei^ P^ .RNA andteiiz^ymes^ ; is still 
considered the. most likely lethal,;target rnolecule. but- dan\age :^od»purring at the 
same time in different molecules and/or structures may also result; iri heat 
inadivatiori'r iS^ it is th 

balance pf intenslty^pf injur^^ to repair that detenninps cellv viability. A 

more dietailpd revfew of th^^^^^^ injury 

When heat is exchaniged between matters or parts of the sam hiatter, it is 
called heat irahsferi HPat transfer always occurs • from wami to ^CQpl. It is 
generally transferred by one; or a. combination, of three processes: .conduction, 
iconveciion and radiation (kawton and Klingenberg. 1 996)^ : 


Conduction: If heat applied difiectly to one part of d solid dbjiec^ tHe e 
' become ekciiited. thfs causes ifititbctilbr coHisiohs, vi/hldH traivel atbni^ the object, 
heating as it passes through. This transfer of heat wrthiri a solid is kriown as 
cdnducUon ahd th^ abilfty t^^ tfahSter h6at wrthin an object is calied thertrial 
dbndudfivity. It varies fbr different matieridls. Gold, sifvbr arid coppiier have high 
therrnal cohductiVity. These materials sire also good eoridubtbris; Of iilectricity. 
CMier matdriails. sUch as glass and rnineral wool, have Ibw th6ri#ial bbriduc^^^^ 
^is quaility itiakes therh good irisliligrt^ 

Cbh\>'ecii©n: Corid^ between bbje^ctis, whierd brie is a g^s of Iii|uidv is callb^ 
^hvectioh. AS gasisies or liquids iife heated; thb eijtcfted mblbcubi^^'^^ 
fluid motion. Where gravity is a factor, such as here %n earth, th^ natural fluid 
niotion ntbves the heated; less dense mblecUle^ u^ and the c6 more 
cbmpact mblecules doWn. The fluid nibtion bf the gas or li(|uid mbiecules may 
alsbbt^lbrcedbya cb ^^^^^^ ■ 

Racf/atfo/*: tlie tf^i^smissibn of energy abirbss space is bairecf i^diatib 
dbeS hot depend oh the presence of matter and can bo^ui'- ibrbss a vacuum. 
F^adlaht heat transfer generally irivblves the' range bf electr^bhikgnetle waves 
calied infrared radiation/ All matter releases radiarlt' enbrgyi 
i^eSiesmbi^ radiant Energy > -^'f^trr-y: .-si-i- ^ 

Ir^i^d i^iatBn iif^ ; IR ehergy is emitted by ail mkerials abbve^^d 
\19^^)': infrared ratoibrt is ^)art of the Electromagnetic SpectftJrn and bfccu^ 
fi-eqiiericies betWieri visifaie ii^ht and radio wavbs. The I R part bf the sjpectrum 
sjDaris wavelengiths frbrn^^^^O^^ 1000 micrometers (mifcrons)/ Within 

this w^ave barid, bhiy frequencies bf 0.7 micrbhs to 20 micrbns are used for 
practical, everyday temperature measurement This is because the IR detectors 
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currently qyanable to inciustry ar not sensitive enpugh to detect th^ very small 
anriountsf of energy available at way<?li^ngths beyond 20 micron? (Siegel and 
HowelM992). . ... , . 

Though !R radiation is not visible to the humgn e;ye. it is helpful to imagine 
it as being visible when dealing with the principle of measurement ^nd when 
qpnsiderin^^ applications, because in m^ny respects it behaves in the sgime way 
as visible light. IR energy travels in straight lines from the source and can be 
reflected and absorbed by material syrfaces in its path. In the qase pf m 
pbj>Gt§ which are opaque to the hunnpn eye* part of the IR energy sW^^ the 
pt?]ec^?js surface w^^^^^ absorbed and part will be reflepted.. Of energy 
.afesprbed by the pbjecti a proportion will be re-emitted and p^it will ^e reflected 
internally. ThiS; wll j also apply to materials whiph are transparpnt to the eye^ such 
as glass, ga?5^s and thin, clear plastics, but in addition, some of the; I R energy will 
also pass through the object. These phenomena cplle^^^^ contrtbyteis^^ t^^ what is; 
referred to as tte Ern/ss;/v^ object or rnaterial (Sala, 1 986). ^ 

,Mate^ials^ which not reflect or transmit any I R energy are^ 
blackbpdies and are npt known to e3<ist naturally. Hpw^ the? p>U!^^^ of 

th^reticat calculatipi^^ taie bl3ckhp^y isf given, closest 
approximation to a blackbpiJy emissiyrty of 1,0, vyhich cap be: ^^ life 
fean IR ppaquei Sphe^^ cavity vyith a small tubular entry. of 
such a sphere vyill hjgve.an emissiy^^ of 0.998. Different kinds of niaiterials and 
gases hava different enriissiyities will therefore emrt IR at different interisities? 
for a giypn temperature. The emissivity of a material or gas is a fun^^^ of its 
rnoiecular structure and surface characteristics, It is not generally a function of 
color unless the source of the color is sj radically different substance to th^ main 


34 


body of material. A practical exarrtjsle of this is metallic paints which incorporate 
significant amounts of aluminum. Most plaints have the same emissivity 
irrespective of colbr^ but aluminum has a very different emissivity which will 
therefore modify the emissivity of metaiilizecl paints. (Hbttel and iSaroflm. 1967). 

Just a^ is tfte case With visible light, the more highly polished some 
siurfaces are, the mofie IR ehiergy the surface will reflebL The surface 
characteristics of a material will therefore also irifluence emissivity. In 
temperature measurement this is rriost; significant in the case of infi^red opaque 
materials which have an inherently low emissivity. Thus a highly polished piece 
of sit^iriles^ steel will have; a much Ibwer eniissivity than the sam§ piecef with a 
rough, machined surface. This is because the grooves created by the machininig 
prevertt as rriuch of the IR energy frbrn being jreflected. 

The laws upon which infrared temperature measurement is based are old. 
established and well proven (L^wfoii and Kli^^ are as 

follows: > 

1 . KircfiofFis L^w (1 860) : VVhen Wn obje^^^^ is at thermal equilibriurn. the amount of 
absorption will equal the amount of emission. 

2. Stephan Boltzmann Law (1879) : The hotter. an object beqqmes the more 
infrared energy it eimits. 

3. lien's iD/5p/aceWdnf ^ : "Th6 w^vielerigth a^ which the maximum 
amount bf energy is emitted becomes shorter as the teniperature increases, . 

4. Pl0nek'$ Equation {\900) r Describes the relationship between spectral 
emissivity, temperature and radiant energy. 


35 


REFERiNCES 



1 . Abraham. G., pebray. E., Candau, Y. and Piar. G. 1 990. Mathematicai model 


resistartde fdmis of Clos^ndium hdtulihuhi €^ spores oVeHhe vrater activity 
range p to Q %Api^ie4 and Envii^^^ Mipmbiol^^^i^R- 51 1t^15. 

3. Ameirican MeatJnstilute. 1#9C^^ 

4. Anon. 1998. Chicken : what you dbh't know can hurt yoti. Ckfrisuimrneports, 


fodd Ve6tc5r. i :'^37490: ' 

(5. Ayres, J. 6. 1959. Effect of sanitation, packaging and antibidtics On the 
microbial spoilage of commercially: pFocesseidi pouttiyr /owaiSte/ef J. Sa. 34: 
27-46 

7. Bailey. J.S.. Cox. NA and Blankenship, L.C. 1990. Persistence and spread 
of e)rtei7lal Sa/nibrjiS//^ during br^^^^ 154- 

159. ■ \..:ru4,},}''.- 

, 3, . iames, E. 1976*. Mk?robiplpgi<^l prc^lem^ 

temperatures - A review. J. Sci: Pd. Agric. 27: 777-786 

9. Barries, E.M. and Impey, C.S. 1969. Psychrophillc spoilage bacteria of 
poultry. J. Appl. BacteribLZti&T-iOZ ' v: .. 'r vv- p.- ^. 

10. Barnes, E.M.. & Thornley. M.J, 1966. The s^6iiag# fibHa df ^^^^^ 

chickens stored at. different temperatures. Journal of Food Technology, 1 : 

■ ■■ ' ■ll3^ii9l' ' ' ■■■ • - ■" :\- ■ ■ X- 

11: Biarnes, E.M. 1976. Microbiological of poultiy al refrigerator 

temperatures. - a review. Journal Of the Science Of Irood and Agriculture, 27: 
777-782. 

12. Barnes, E.M. 1960. Sources of different psychrdphilic spdilage drganisms on 
chilled eviiscerated poultry. Proceedings of the Tenth International Congress 
of Refrigeration. Copenhagen, 3: 97-WO. 


2. 



5. 



36 


13; Beaman, T.C. and Gerhard, P. 1986 Heat resistance of bacterial spores 
correlated with protoplast dehydration, mineralization and thehrnal adaptation. 
Applied and Environmental Microbiology, 52: ^242-^246. 

14. Berry, A. E. 1927^ Viability of pathogenic brganisrns in b Journal of 
Preventive Medicine ^: 429-442. 

15. Bigelow, W. b. 1921. The logarithniic riature of thertiial death^ti^^ 
Journal of Infectious Diseases, 2B:52B^5^^^^ 

16. Black, R> 1.. Levine, M. M., Bfaser. M- J . ClernentSi M. L ah#^^^^^ T.P. 
1983i Studies of Campylobacter jejuni 'mie:^^ in veilaritiefeiSi //? A. D. 
Pearson, M B. Skirrow, B. Rowe. J. R. Davies, and D. M. Jones (eds) 
Gampy/bbaefer //, London: Public Health Laborato 

17. Blaser, M. J. and L S. Newman. 1982. A review of human salmonellosis: I. 
infective dose. Rev. /nfect D/s. 4: 1096-1106. 

18. Blaser. M. J., Taylor. D.N. and Feldman, RJ^ 1984. Epiderriiology of 
Campylobacter infections. In 'Campylobacter \r\iec:X\ons\ in Butzler. J. P. 
(ed.) Man and Animals. Boca Raton, Fla: CRC Press: 143-161. i 

19. Blocher, J.C. and Busta, F.F. 1983. Bacterial spore resistance 1o acid. t=ood 
Technology, ^^: 87-99. 

20. Bolton. F:J., Hutchinson; D.Ni and Coates, D: 1986. Coriipari'sdhs of thre 
selective agars for iisolation of cafrfpylobacfers;} European Journal of Clinical 
Microbiology 5: 466-46B. 

21; Branenv A, L . Davidson, P. Mv I and Katz. B. 1980. Antimidrol^ial properties 
of phenolic antioxidants and lipids. Food Tec/7no(; 34( 5)r 42-4^^ 

;:22; Branen; A, L. and.Kennan. T. W^1970v Growth Stirriulatipri of; tactofra^^^ 
case/by spdlurh^^c^^ 

23. Brenner. D. J. 1984. ipacultatively anaerobic gram-negative rods. In Krieg, N. 
• R: and Holt. J. C. (eds.) Bergisys Manual of Systematic Bia(A^ 
1)i Baltimore: Williams and Wilkins. 408-516. 

; 24.\v ; Bfowq L. and Ayres, G. A. 1 985. ThemipbaGteriology of U HT processed 
^^^^ ; - fo \n .Developments in Food Microbiblogy {ed, Ri Davies). Applied 
Sciences Publishers^ London, pp. 1 19-152. ■ 

25. Bryan. F- L. 1980. Foodbome diseases in the United States associated with 
meat and poultry. J. FoGc/P/ot 43: 140-150. 


37 


26/ V Biyan;. p. L Current trends in salrnonellpsis irt the United SItates and 
, ^ - Canada. Journal of Food Protection 44: 394r402. : :^-:t.^ 

27. Bryan, F. L and M. P. boyle. 1994. Health Risks and Consequences of 
Salmonella and Carnpylobaeter jejuni m^^^^^ 

58(3): 326-344. . \: v . ,^ y::..:V ; , ; . - ' 

28. Buddv Vtf. 1;^74; Typtyqid Fetver^y Its^ Nature, Modes ,cf y$p and 
prevention (reprinted i 9I^^:Nevy^Yorto Arnolds l^r^ i ; v 

29v lepc (Center te Pisei^se^/Cbn^ t98Si Campylobattet 4sj&late#in th 
Uljited States. 1^jB2-1 9^^^ 

30- Cerf, O*; and . Me 1973/ Tlienpo 

bacteriennes chauffees par injection directe dans la vapeur. Le lait, 43: IZ- 

29/- ^ r ■■. ^. 

31. Cerf, O. 1977. Tailing of survival curves of bacterial spores/ - Jou of 
V. Applied' BacteriologYi 42: 1-19. ^f- ■ ■ 

32- Ghalker,/ R/ B/ and iijv" J. Bfese^^^^^^^ 

Magnitude of Salmonella infection in the United States. RevL Infect. D/s. 10: 

-:,ii;i-ri2?*^; - ■■'■■r- ■ : ; 

33. Coates, D.. Hutchinson, D. N. and Bolton, F. J. 1987. Survival of thenmophilic 
v :^rnipylabacters^ ort; fingertips :i;and 'lhe^^ by^wvtfashing^ and 

disinfection, ^piifeni/^ ■ : ^ 

34. Code of Federal Reulations. Title 21. Sections 182.1033. 182.1195; 
t82i1^i and 182. 1751 i Foods and Drugs. 1977. US Gbvferfiment Printing 
Office, Washington, DC. > r ■• ^^^-V-:^:^ /^ / 

. 35w^; -Cote, Mi Bif DaVi6^j^1^ VVi; Munrbt G.. Holy6dil#€. D. and KflSfbyj D. CM 993. 
A vitalistic Xmddet ^^^^^^^t^^^ sdegcnbie v the-: the^^ 
nionocytogenes/joumal of Industrial MicrotD^ology,^2: 232'-239. 

36/ V Q R J/1991 . Heat V^sistahoe pf BacilluS'StJitiilis in biiffer 

and foods of different 'f)H. Jot/ma/ bfFood^/^^^ 

37. . Cbhdbn, S;v Gartiav :Mv 1^^ Oteroi A. and Sala^ F; J* 1992a/ €ffect of eulture 
; 1 iagei preincubation atilov\^vterhper^^ and pHebn- the thenrriial^ of 
Aeromonas hydrophila. Jdumal ofapplied BacteridIo 

. 38; Condon, S., Baiyartei M/ and Sala; F: J. 1 992b. Influence of the sporulation 
temperature upon the heat riesistance of ■Bacillus subtilis:^ Jbtirrial of Applied 
Bacteriology, 73: 25A-256. 


38 


39. Gook, A. M. and Gilbert, R. J. 1 968; Factors affectihg the h at resistance of 8. 
stearotheirnopbilus spores: Jounial of Food T^ehri6logy,3t 385-393. 

40. ■ Cox, N. Ai, Mereuri; A^J.; Thompsoni ahd Gregory, DiWjvJr 1974.; 

Quality of broiler carcasses as affected by hct w^^ 

41. Cunningham, F. E., and Cox, N. A. 1987. the Microbiology of Poultry Meat 
Proc/wcfSi Academic Press, New Yoric; ■ ' 

42. Cunningham, F. E. 1982. Microbiological aspects of poultry and poultry 
products- An update. J. Food Prot 45, 

43. Cunningham, HiMi and Lawrence GA.^ 1977. Effected 

poultry to chlorinated water on the retention of chlorinated compounds and 

: ■ . - ■wateruJ^-^o#S£i;;42: 1€04^1508.-- 

■ 44: Cunninghami F.Eji 1987. Chap.3 In Wje vM/c/sfc^^ 
prodacfs. Academic Press. lriG.. O^rlahdo, :FIoridai 

45; : Cygnarowicz-Provost, M., Whiting, R.G:, and Craig; J.C. Jr^ '1994. 
■ surface pasteurization of beef frankfurters. J^^^^ 

D'Aoust J. Y. 1994. Salmonella and the international food trade. International 
J^FoodMic^ob.2A^:A^T3% vV^'^^-S: ■ : ^ 

D'Aoust, J. Y., and PIvriick, H. 1976. Srnall Infectious doseis of ^^S^^ 
LanceM:866. 

48. Diavis; F. and Barnes, L* A. 1952; Suppresslora of grow 

anatum and Salmonella oranienburg by concentration variation of, energy 
source in a synthetic basal medium. J. Bacte/To/. 63: 33-38. 

49. David, J. R, and Merson, R. 4.' 1990. Kiheti& paramfetefS for indctivation of 
Bacillus stearothermophilus at high temperatures. Journal of Food Science, 

^v-.r?v--.-.^> -.55: 488^493. -..'.v-; v- ■ i- .,.-,- .-.O" ; ' 

50. Davidson, P. M., and Branen, A. L 198t.V:; A 
halogenated phenolic compounds. J. FoodProt. 44: 623-628. 

r 51 . i Dicksonv J. S, 1 992., Acetic acid action on beef tissue surface contaminated 
\ W\X\:\ Salrnone!la typhin}uri^ 

' 52i Donnelly, L S. vand Busta, F. F. ; 1980. Heat resistance of 
J Desulfotorriaculatum nigriflcans In soy protein Infarit formula preparations. 
Applied and Environmental Microbiology, 40: 727-735. 


46. 
47. 


39 


53. Popres, S. 1993. Organic acids, p. 95-136 ; /n A. L.. Branen and P. M. 

Payijdson(edSi); Anf/m/cro^ 

54i Doyle, M. P. 1 984.. Campylobacter irt foodsv In J. . P> Butzlef (ed.) 
Campylobacter InfecUons in Boca Raton,j€la: CRC Press: 

163-180. 

55. Dubert . W. H. 1988. Assessment of 5afrnone//a: contar^ 
past present, and future. Poultry Sci. 67: 944-949. 

56. Elliott, P. H., Tomlins* R.I.. and R. Qmy, R.J.H.. 1995. ©©ntrofeof Microbial 
Spoilage on Fresh Poultry using a Combination Potassium Sorbate/ Carbon 
Dioxide Packaging System. J; Food ^c/en0e. 50r 

57- Ewing, W. H. 1986. The taxbridmy Of ihtefbbaeteriacc^e; ^isolation of 
Enterobacteriaceac and preliminary identification. The genus Sa/mone//a. //» 
EdwardSi Pi and Ewing, W. H, (eds.) tdmtffication of Entembact0riacoats (4th : 
ed.). New York. Elsevi^ 1^91;;181^318^^ V ^ ^ ^^^^^ ^ X . 

-58. r Fabian, F, W.. and Graham. H, Tr1953i Viability fOf thiermORN^^ in 
the presence of varying concentrations of acids, ^sodiiamchlorid 
Food TechnoL 7: 

59i Feeherry, F. E.. Munsey, D. T. and Low/lfey; D: Rl 1987^ Therhial inactivation 
and injury of Bacillus st^rarothermophilus spores. Applied and 

r 53:.365-370iv. 

60- Felsenfeld, O. and Young, V. M. 1945. The viability of Salmonella on 
artificially.contaminated yegeta^^ 353-355. 

61. Rnne, G. 1982. Modified and controlled atmosphere storage of muscle 
o > foods. Foocf Tecftno/. 36(2): 128-135. - ^ - ^ li ^ 

62. Rscher, J.R.. Fletcher, D.L Cox, N.A., and Bailey. J.S:1985i Microbiological 
properties of hard-cooked eggs in a citric acid-based preservation solution. J. 

■ Food PmtecUon. 48(3): 252-256. : 

63. Fletcher. D. L.. Russell, S.M. and Walker, J M. 1993. An evaluation of a 
; ir :; rinse procedure using sodium bicarbonate arid hydrogen peroxide on the 

recovery of bacteria from broiler carcasses. Poultry Sciencei 72:;2^^ 

64. Food arid Drug Administration. 1979i Specific food labeling requireririehts. 
; Food and Daig Administation. Code of Federal RegulatioriiSi Title 21, 

Paragraph 101.22(a). 


40 


Franco, D. A., and' Williams, C. E; 1994. Campylobacter jejuni, p. 71-96. InY. 
K Hui. J. R, Gorham. K. D, Murrell; and D O. Cliver (ed.), Foqdbome 
disease handbook, vol.1. Diseases caused by bacteria, Marcel Dekker, Inc., 
NewYoric; 

Franco, D. A. 1989. Cannpylobacteriosis: the complexity of control and 
preyeniion. Journal of Environmental Health 1 62:88-92. 


I Friekeri C. R. 1984. Procedures for the isolation of CampylotfaeierjejViii and 
Campyiobacter coll from poultry, Intemaiional Joumall of frood Microbiology 
1: 149-154. 

Fulton^ K. R, 1981. Surveys of industry oh the usfe of food additives. Food 
Tec/7no/. 3S(i2): 80^89; 

Gardner, W. H. 1972. Acidulants in food processing. In Handbook of Food 
Additives^ a"** ed.. edited by T. E. Furia. CRC Press, Cleveland,, Ohio. p. 225. 

Giese, J, 1993. Sa/>no/ie//a reduction- process receives approval. Food 
TechnoL 46(1): 110-116. 

Gill, C. O. 1986; The control of microbial spoilage in freSh meats, /n 
. Advances in Meat Research, eds. A M. Pierson and Ri DutSon, Vol. 2, 
Meat and poultry microbiology, p. 1 . AVI Publishing Co. WestpbH!, Conn. 

Gill, C, Os iand Ham's, L;; M. 1984. Hamburgers and broiler chickens as 
potential sources: of human Campyiobacter enteritis. ; Jdumat of Food 
Protection 47: 96-99. 

Gill, C O, and Penney, Ni 1977. Penetration of bacteria into meat Applied 
and Environmental Microbiology . Z3: A284-M86. 

Gorripri, G.. and Gulyas, E; 1944. Effect of parenterally administered cftrate 
on the renal excretion of calcium, Proc. Spc^ Exp. Biol Med. 56: 226-23 1 . 

Gould. G. W. 1973. Inactivation of spores in food by combined heat and 
hydrostatic pressure. /Acta >A//menfana, 

Gould, G. W. 1989. Heat-induced injury and inactiyation. In Afec/jamsms of 
action of food Preservation Procedures (ed. G. W. Gould), Elsevier Applied 
Science, Londoni pp. 1 1-42. 


■ '41. 

77. Grau. F. H. 1 986. Microbial ecology of meat and poultry. In Advances iri Meat 
, Research; yoiZi Meet and Rotiltry Microbiology, edS; Pierson, A; and 

pWsonvTi R., AVI Publishing >GiR 

78. Hansen, N. J. and Riemann, H. 1963. Factors affectingtthS Ilea! resistance of 
rionsporting organisnis. Jot/ma/ oMpp//edflacteno/ogy. 20: 314-3184 

79. Harper. Ji C: 1976. Ghap.12 in: Efjements of Food Enaineenlna: AyA P 
Westport Connecticut 

80. Marns. Vv, Weiss; N^S^i and Noland, OvM.. 1086; The^r^te of pouti^ and 
nieats in the >etioIid*gy of ^a/npy/dfeaeteF^^ 

Heafl/i 76: 407-411. 

81. ;Hanispn, M. A. and S: L. Garpfenter. 1 989; StiivWal of lailfj^ popuMlfo^ 
Listeria monocytogenes on chicken brea^l'ypfocessied usiMg^^m^ 
Food Prof. 52: 376-378. 

\82. Hathcbx, AiK., Hwahigi; C^A^y RisUi^^ LR. 1995. 

Consumer evaluation of raw and fried chicken after washing in trisodiurh 
phpsphate or lactic add/sodium benzoate soluti6hs^f j.: FoGd^ S^^^ 
604-605.610). ]yi-rO-^ V ^r^- .^^^^^^ 

83. Hauschildt AiH.W. and Bryanv F;Li 1980; Estiifiiate of Cases of fbbd- and 
y/ater-^ illness in Canada and the Uhrtied 'Statesi J^^^Foad Prot 43: 435^ 

84i Hoodi Ai M.V Pearsohi A.D. and Shahamati M. 1988; The <g3dent of surface . 
r.-contaminatiGrj of retailed ^chicken 
Epidemiol. Infect 100: 17-25. 

85. Hdttel.^ H.C. and Sarofirti; A.Fi 1 967. •HadiatidnsTransfeFr McGraw Hilt; New 
. York. NY. ' -^^l ^/..^^^^^^-^^'t^^-:^^^^ 

vi ;j86; Huangv YaioirWen; 1978. S th6 microbial quality df 'poiiltry itibat A 

' : theisis $ubmi to the Graduate Faculty of the Univ^rsity^^ for MS 

degree. 

87. Hwang, C, and Beudhat, L;R^? 1 995. Effica«:y of 'Sielected Chemicals for 
Killing Pathogenic and Spoilage Microorganisms on Chicken Skin. J. Food 

Rrotectioni^^^ ■•• -^v^cr 

88. Imai, K.. Banno, I., and lijima, T. 1970. Irihibition of bacterial growth by 
citrate. J. Gen. App/. M/crib/o/. 16: 479-484. 


89. ICMSF (Ihterhatiorial Cbmrfiilssioh 6f Microbiological ^Sp^cificatfoni^: for 
Fdod^) 1978. Mcrobrgsln/^ 

■ of Enumeration (2nd ed.). Torbrito: University of Toronto' Press;H60-72i 

90. IGMSF (liitematoiial Gbrhmisilibn on Microbiblbgical^ Sj3e6iflcat|oii^ for 
p^ods). 1 980. Poultry and poiiltiy nneat prbducts. Vol; 2 . Food Commodities, 
p: 41 6. Academic Piress/ New Ybrtt^ NY. ^ ■ y y' ■ - ■' ■^■■r-^'-:- ■ 

91. fetre, G. R., Blaser; MI J., ' Shilianri, P. aiid Hbplciriis/ • 
Campyldbiad^r enteritiis associated- with undercobked barbecued chicken, 
American Journal of Public Heaith 74:A265-M67. 

92- Izat A. U G<ilberg; M., Adarrls^MiH., R(Bibi6F.^;^^M^ 

1989. Production and Processing studies to reduce the incidehcei of 
salmohMiaie on cbmrt^^^^ 

93. Jay, J.M. 1992. Modem Food Microbiology. 4th ed. Chapman and Haill, New ^ 

' ■ • ■ ■■■■ybrlc. ■ ■ ■ ■ ■::.oy- . 

94. Johnson, W. M. and Lior, H. 1986. Cytotoxic and cytbtbhic facstbts produced 
by Campylobacter jejuni, Carnpylobacter coli. and Carnpylobacter laridis.- 
Journal dtClinical Midmbidlpg^. 24:275-28i. \ ■ -'^^ -^y^-irV'"" "^^'y- 

95. Kaijser. B. 1988. Campy/ofeacter/e/un/ /CO//. APMIS 96: 283-288* 
96:r Kefmode. G. 0: 1972. Fobd additivbsi Sct^^ V^^^^ 226(3): 15-22; ^ 

97. Kraft, A. A. 1971. Microbiology of poultry products. J. Milk' Food techhoL 34: 
23-28. 

98. Kraft, AA i992. Psychrdttbphic Bacteria iri Fcods: Disease }^ 
GRC Press, Inc. Boca Raton, Fla. 

* 99 =^< Lammerdihg, Av M:, and Paoli, G;M. 1 997. QuahtitativeSnsk asigessment ah 
emerging tool for emerging foodbome pathogens. Emergingf Infectious 

•■^"•■v'>..- Di^easesi3(4)^ - ■■ :irrhi:^:r ■ - ■ '-■.:yry y^^k^:' -.^^^y^^^ 

100. Lamuka, P. O., Sunki, G.R., Ghawan, G.B., Rao, D.R., and Shackelford, LA 

■ '"■■"^y- ,1992^ Bacteriological quality of freshly pr^ ai^ected 
■■m^^/yy by carcass pretreatment iand gamma- in"adiiation.V J. /^bbd^ 57(2) : . 

-.330-332. ,rc...■^.,.:V:^4 -v,^^^^^^^ 

101: Lawton, B. and Klingehberg, Gi 1996; 'Transient terriperature in -Engineering 
and Science, Oxford IJniversity 'Press, Oxford, UK. < ■('^>^<'-'i ' ■A.-f^ir^-- 


43 


, 102. Lee, R. W.. . Hartman. P. A., pispn, D. G:. and VV^IIiam^v D. 1994. 

Bacteriddg^^^^ effects of selected food-<jcade phosphates, 

using Sfiaphy/ocoect;s au/jef/Sf as a rnodel system. J. FoodProt 57: 276-283. 

103. , Lewis, J. C.,:Snell, N. S. and Aldertpn,.G. 1965. Doitngncvr an# activation of 
; biaict^rial spores. In S/ijores III (e4s U L Pamp^ll and H. 0.- H 
American Society for Microbiology^Washing^^^ 

,104. Lillardi S. 1980. Effect GO; broiler careassps and vyater treating chill water 
V / wrto chlorine or chlorine dip^^ 

105. Lillard, H. S. 1980a. Bacterial cell characteristics and conditions influencing 
their adhesion to poultfy skio; J. Fpg4 Profe 98: 403^807. 

106. Lillard, H. S. 1982. Improved (EhjUing -systems f^^^^ Techno/. 
36(2): 58. 

107. Lillard, H. S. 1988. Effect of surfactant or changes in ionic strength on th 
attachment of Salmonella typhimurium to poultry skin and muscle. J. Food 

:Sd;^#3:,;727-^30. ■ , 

108. Lliiarcf, H. S. and thprtisibrii JiE. 1983.^^^^^ of hydrogen pproxide' as a 
bactericide in poultry chiller water. J. Food Sci. 48: 125-126. 

109. Lillard, k S./ Blankenship. L^^^ J. A.. Craven, 5. E., and 
Shackelford, A. D. 1987. Effect pf apetic acid pn the micro quality of 
scalded picked and unpicked broiler carcasses. Journal Food Protection . 50: 

V 112^1vI7.,-/r.: . > z-;, v. - 

110. Lillard, H. S. 1994. Effect of TSP on Salmonellae attached to chicken skin. 
^ . Journal of Food Prqtectiqn^^^ 

111. Lillard, H. S. 1990. Impact of commercial processing procedures on bacterial 
jm:) -: : cxDntamination of brpiler Journal jof Food Protectioni^^b^^ 202^08. 

112. 3M. 1994. Effect of trisPdIum phosphate pn Sa/morae/Za Machecl to chicken 
skin. J. FoP J Prof. 57: 465^69. 

113v, ;r Mackey; B;.M. and Pen^lck^ G; M heat; resistance of 

f ; Salmonella typhimunum hea\:mQ at rising temperatyfes. Letters in 

Applied Microbiology. 4: ^3-16. ; 

114. . Mackey, B. M. and Demck. C. Mi 1986b., Elevation of the heat resistance of 
Salmonella typhimurium by sublethal heat shoc\L J^^ 
Bacteriology. 61 : 389-93. 


115. Marth, E.H. 1998. Extended sheJf life refrigerated foods: microbidlpgical 
quality and safety. Food Tedhholbgy;52(2) : 57-62.V 

116. McCardell, B. A.. Madden, J. M. and Lee, E. C. 1984. Campylobacter Jejuni 
land Campylobacter coff pi-oduction of a t^otonic toxin Irriilniunptogibaliy 
similar to cholera toxin. Joumalof Food Protection 47 :^3^9A9i- Cy:^^^^^^ 

117. McCardell, B. A., Madden, J. M; and Stanfield, J. T. 1 986^ Effect ■of iron 
doncentratioh on toxin > production in Campylobacter ) JeJunr a 
Campylobacter eofi, Canadian Journal of Microbiology. 32: 396*401 . 

118. McCuilough, N. B. and Eisele, C. W. 1951. Ikpedmentai human 
salmonellosis: pathogenicity of strains of Salmonella newport Salmonella 
derby and Salmonella bareilly obtained from sprayTdried vyhole egg. J&umal 
oflnf€iCtioasI^iseases.Q9^2QB^'l3. 

119. McDade. J. H. and Hall, L. B. 1964. Survival of Gram-negative bacteria, in th 
environment I. Effect of relative humidity on surfac^Hexpospd organisms^ 
AmencaaJoumalof Hygiene. 8Q: A92-Z04. .' 

120- McMeekin, T. A. and Thomas, C.J. 1978. Retention of bacteria on chicken 
skiri afler immersion in bacterial suspensibrts. ; J. >App/;. 
-387. ■ 

121. McMeekin. T^A. and Thomas C, J. 1979: Aspects; of microbial ecolbjgy of 
poultry processing and storage: a revyiew. Food Teehnologyiini^ustraiiai 31 : 

■ 3&43. 

122. Mead, G. C.1980i Hygiene Problems and Gontror 

Processing of Poultry, ed. Meiad, G. C. Elsevier Applied Science, Loridon, 
183-220. v^/ ■ ^ : ..y /-r^y-,^ 

, ?123.> Mead; G. C.I 982.: Microk)iQfibgy of poultry and game; birds. In Meat 
Microbiology, ed. Brown, M. H.. Applied Scierice Pul)lisherSiykondon. 67- 
..101. 

; 124: ^ Moats* A.. Dabbah, R. and Edwards. V. M. 1971, Interpretation of 
nonlogarrthmic survivor curves of heated bacteria.; Journal of Flood Science. 
36: 523-6. 

125. V Monk; J. D.i Beuchati L:Ry, and Doyle, MiP. 1995 

food-borne miferoorganlsm^^ 

126. Morgan, A. I.. Radewonuk, E.R., and Scullen, O J. 19^6: Ultra High 
Temperature Short Time Surface Pasteurization of Meat J. Food Sci. 61(6): 
1216-1218 


45 


127. Morrison. G. J.; and Fleet, G:H. 1985. Reduction of Sa/mo/7e//a on chicken 
carcasses by immersion treatments. J. Food Protection. 48(1 1 ): 939-943. 

128. Mdunthey, Gl: J. and O -Ma I ley, 1965. Acids as poultry meat presen/atives. 
Pou/«/ySc/. 44: 582^588; 

129. ^^ R.W. and Bolder, NiM. .1984. Methods tp reduce Salmonella 

cont Snoyenbos 
(eduj pffoc. Int Syriiph Salmonellsii American /MsoGiati<pn of Avian 
Pathologists, Inc. University of Pennsylvania, Bew Bolton Center, Kennett 
Square, PA. 

130. . Mulder, Ri iVV;, NotermahS/ St^^^ E H. 1!977;i teactivation of 

salmonellae on chilled and deep frdzen broiler carcasses 
App/. eacteno/. 42 : 179-185. 

131. M^de^ f^: VV:; van der Hulsti M^.^^^^ N.M.. 1987. Research not : 
Sa/mone/Aa decontamination of broiler carcasses: with^ l^ L-cystein , 
and hydrogen peroxide. Pou/t Sc/. 66: 1555-1557. 

13^1 Murddfik, Di I. 1950: InhifcSitbry acUon of ciWd a^^^^ flat-sdur 
organisms. Food Pes. 15: 107. 

133. Muriiana, R.Mj 1996; Bactbriociris for control o J. f ood 
- ' ^ Protecffo/l 1^ 

134. Notermans, S. and Kampelmacher, E. H. 1974. Attachment of some bacterial 
^ i strains tO the skin cf btoiler chickens. Br Pou/fo^^^ 15: 573^585;. 

1 35. Olson, J. C, Jr. and Nottingham, P. M. 1 980. In "Microbial Ecolbgy of Foods, 
vol.1," Factors affecting life and death of microorganisms, ed. International . 
Gdmmissioh drr Miqrobioldgical -Specificiatiohis ; of Fbodsi ; ptfti Academic 

/ KiVV press;vlrtCii^lslieWrYG^^ > ' •.c:;-v^:s^i;'.;#v:- 

136. Packman, E. W. , Abbott, D, D. , and Ham'sson, J. W. E. 1963. Comparative 
subacute toxicity for rabbits^^bf citrifc, fumaric and tartaric acids* Tox/co/i Apio/. 

■•^P^a/7riadoA.;5i 163;^:- >':-~'i^'v^ 

137. Patterson. J. T. and Gibbs, P. A. 1977. Incidence and sources of 
c- Enterobacteriaceae found dh frozen broilers: /n The Qualityvof Pdultry; Meat 

(Ed.^ S. Schdltyssek); Prdceisdings of the Third Europeari ; Symposium on 
Poultry Meat Quality, Grub, W. Germany, Eugen Ulmer GmbH & Co.. 
Stuttgart, pp. 69-76. ' 


46 

Pearson, A. M: and Gillett, T. A. 1 996r Processed Meats, 3"^ Edition. 
Chapman and Hall. 

Penner, J. L. 1988. The genus Campylobacter a decade of progress. Clinical 
Microbiology Reviews 1 :1 57-72. 

140. Pether, J. V. S. and Gilbert, R. J. 1971. The survival of Salmonella on 
fingertips and transfer of the organisrns to foods. Jouma/ of Hyg/ene 
69:673-681. 

141. Poysky, F. T., Paranjpye, R.N., Petierson; M.i. Pelroy, G,|l Gtittman, A.E., 
and Ekiund, M.W. 1997. Inactivation of Listeria monocytogenes on hot- 
smoked salmon by the interaction of heat aiid smoke of liquid smtike! J. 

- : Pood PTOtec«on.6G(6): 649^54. 

142. Put, H. M. and Aalbergsberg , W. I. J. 1967. Occun^ence of Bac///os subtilis 
• with high heat resistance. Journal of Applied Bact&riology.,3Q:4t^ 

143. Preparied Foods. 1988. Poultry processor predicts prcduct petrishabirrty. 
Prepared Poods 1 57:1 1 8. 

Raffalli, J.; Rosec, J.P.. CarleZi Av, Duniay. E., Richard, Ns, and Ghefteh J.C. 

1994. High pressure stress and inactivation of Listeria innocua in inoculated 
dairy cream. Sc/. Mm. 14: 349-358. 

Rammell, 0. G; 1 962. Inhibrtioh by citrate of the growth of cdagulase- 
posltive step/jy/ococc/. J. Bactemo/. 84: 1123-1128. 

Reisst J. 1976i: Prevention of the fprniation of myeptoxini lpi> w wheat 
bread by citric and lactic acids. Experimentia. 32: 168-175. 

Rengel, A. and Mendoza, S. 1984, Isolation of Salmonella ifrom raw chicken 
jn Venezuela. Pood /^tec(/bn.47(^^^ ■ ^ , '■/.■<■'' '. 

Resun-ecccion, A. V. A,, Galvez, F.C.F., Fletcher; S.M.i ^and Misra, S.K. 

1995. Consumer attitudes toward irradiated food: result of a new study. J. 
Pood P^ptec^/b^.58^)^1 93-1 96. 

Reynolds. A. E. and Carpenter, J. A. 1 974. J. Anim. Sci. 38 : 51 5-519. 

^ : 150> Robach. M. G, 1 980. Use of preservatives to control microdrgahisms in food. 
Pood rec/jA7o/. 34(10): 81-87. 


138. 
139. 


144. 

145. 
146. 
147. 
148. 


149. 


151. 


Robach, M. C. and Sofos. J. H. 1982. Use of sorbates in rneat products, 
fresh poultry and poultry products: A review^ J. Pdod.Pref.'45v 


47 


,152. Roberts, T. 1993: Cost of food borne Hlriess and preventrve int rventrbris, p. 
514-518. in Proceedings of the 1993 Public Health Conference on Records 
and Statistics. Toward the Year 2000 - Refining the Measures. U.S. Dept Of 
Health and Human Servites/Washihgton.D:^^^^^^^^^ , ^ ^-^'^^ 'I." ■ 

153. Roberts. T. A., Baird-Parker, A. C, and Tompkin, A. C. (Eds.). 1996. 
"Microorganisms ill Foods, voliS. Mierbbiologieal Speclficatldns of F 
Pathogens." p. 51 3i Blackie Academic and Professfon^^ 

154. Robinson, D. A. 1981. Infective dose of Campylobacter jejuni m milk. British 
Meiii&alJourrtQl^mz^m^mn 

liSSv RodrigueZi AC, Smeragie, G; H;, illeixeiia, A. Ai, kindsajifi and Busta^ 
F. F. 1991. Population model of bsrMeHa I ? #©res^ for ^^^^^^^ 
thermal processes. Jowma/ of Food P/oeessEng/neenng. 15: 1-30. 

1 56; Ribdrfgue^ A.G1, Led^sma, A.Mi, Riemannr HvPlv arid ^pdiver* 1996. 
Short-term treatment with alkali and/or hot water to remove common 
pathdgehic and spoilage bacteria frtom chieken Wl% skin» Ji#odd Protection. 
59(7): 746-750 ^ 

157i Robt; 1980. /^Gd; Simon and Schuster 

158. Rosenficid, J. A., Arnold, G. A.,; ba\/eyi G. Ri. Archeri. Ri Sv $hd^ W W. 
H. 1985. Serotyping of Campylobacter jejuni from an outbreak of enteritis 

:V irriplicating chicken, Jboma/ of Aifecifon/L ti^ %f 

1 59. Russell, S. M. 1 997. A Rapid Method for Predicting the Potential Shelf Life of 
Fresh Brbifer Chicken Carcasses. J. Food Pro ■ 

160. Sala, A. 1986. "Radiant properties of materials." Elsevier, Amsterdam. 

161. Salmon, D. E. and Smithi t- 1885: Rfepbrt^oii swine plagjlii^; '2nd Annual 
Report, Washington DC: US Department of Agriculture, Bureau of Animdl 

;■• -^--^iindustries: 1-84-2461. > ■.■ -.^^^v-- ^- ■ -ru^ ^ 

162. Sams, A.R. and Feria, R. 1991. Microbial Effects of Ultrasdhicatibh of Broiier 
Drumsticks Skin. J. Food Sc/ence. 56(1): 247-248. 

163. Sapru, v., teixeira, A. A,. Smerage, G. H. and Lindsay. J. A. 1992. 
Ptedictihg thermophilic spore population dynamics for UHl sterili^tation 
processes. Journal of Food Science 57: ^240-^2^7^-^^^^^^'^^^ 

164i Saprui V., Smerage, G. H., teixeira, A. A. and Lindisayi 'J. A. 1993. 
- Cbmparison of predictive models for bacterial spbre populatidh responses t 
sterilization temperatures. JoL/ma/ of Food Sc/ence. 58: 223-228. 


165. Shane, S. M. 1988. Update on the fate bfinradiatibh. Pdii/&y Pnjc.^^4 

166. Shane, S. M, 1992. The signrficance of Campylobacter jejuni \x\iex^6T\ in 
poultry - A review. iAv/ian Pafho/. 21: 189^213. ; '■ ::'%v;ii:-i'i^^^v' 

-167. Shefet. S. M. . Sheldon, B.W., and Klaenharrimer, T.R. 1993^:5 Efficacy of 
optimized nisin-based treatments to inhibit Salfponella typhimunum and 
eJctend shelf life of broiler caricasse^^^ 

168. Sheldon, B. W. and Brown. A L. 1986. Efficacy of ©zbtt^ as a disinfectant 
for poultry carcasses and chill water. J. Food ScL 51 : 305-309. 

;169v ^ull, J. J., GargOi ©. T. and Emstv R. R.1963t l@#etics of heat activation o 
thehTiai death of bacterial spores. Applied Microbiology. 11;> 48^87.c 

170. Siegel. R. and Howell, J. R. 1992. "Thermal radiation heat tiansfer" 
Hemispher^e, New York. • > ^ 

171. Silliker, J. H. 1982. The Salmonella problem: Current status and future 
dirertiort.j. Food P/X)^ 45: 661-6^^ 

172. Silliker, J. H. and Wolfe, S. K. 1980. Microbiological safety cohsideratiohs in 
conlrolled-atmosphere storage of meats. Food Technology 74:59-63. ; 

173. Simonseh. B. 1 989. Microbioldgital crrteria^^^^^^^^ pd.ultiy-?producte. In 
Processing Of Poultry, ed. G. C. Mead. Elsevier Science; Publishers Ltd., 
London. .. • ' \-;":'\v;K'^' ■ : . 

174. V Sims, J. Eii Keltey. C. and Fdltz, V; Di 1969. Effected Of time ^^nd: 

tiemperiatuire on salmonellae in inoculated butter, Jdumat df Milk and Food 
Technology 32:485-488. ' \ ^ 

175: Sinha, D. P., Dmry. A. R^/ and Gonner, G: Hv 1968: The /a effe<^ bf 
citric acid and sodium citrate on Streptococcus agalaetiaeAti m^^^ 
J. 45: 805-811. 

176. SlaviK; Mi F:. Kim, J.V and Walker, J.T. 1994. Reduction of Salmonella and 
Campylobacter on Chicken Carcasses by Changing Sdalding Temperature. 
J. Food Protecf/on. 58(6): 689-691. 

177. Skirrow, M. B. 1982. Campy/ofcacfer enteritis - the first five years. Jotyma/ of 
Hygiene (Cambridge) 89:84. 

178. Skin^oWivM. B. 1991. Epidemiology of Campy/ofaacter eriteritis. /nteOTaf/ona/ 
Journal of Food Microbiology 1 2: 9-1 6. 


49 


179. Smrth J. Li 1995. Arthritis, GuiHain-Baire Syndrome; and pther sequelae of 
Campylobacterj'ejuniententis. J. of FoodPmteciion. 58{^0):^^ 53-^170. 

180- Smith, J. L., Palumbo, S; A. and Waifis, L. 1993. Relationships tjetween fiood- 
bome bacterial pathogens and reactive arthritides. Journal of Food Safety 
13:209-236. ■■■ 

181i Speck, Mv. L (ed.) 198^. Compendium of methods fQi\ the f^^^ 

Examination of foods (Ind ed.), Washington. DC: American Public Health 
. AssQciatioiti^ 

182. Sofos, J.N. (1994). Microbial growth and its control in meat poultry and fish. 
Z/:? Quality attributi^j^: and their measurments in meat, piQ!Ut^. anc^ fish 
products. Ed. Pearson, A. M. and Dutsonv T. R^O London, 
359-403. 

183. Stadelman, W. J.. Olson. V. M., Shemwell, G .A.iand Paschj S. 1988. Egg 
and Poultry^meat Processing. E\\\s HoTwood, England. 

184. Stermer^ R. A., Lasater-SmithKM.. and Bras^^^^ C.R< v19^7. Ultraviolet 
radiation - An effective bactericide for fresh meat. J. Food Prot. 50(2): 108- 

111. ., jcrj^^: : : ,/ : 

185. Stem. N. J. 1992. Reservoirs for Campylobacter Jejuni and approaches for 
interyention in i poultry. p.49-6Q. /n L^^^^N J. Blasef; and L; S. 

/ Tonipkinsj (ed.); , GaiPT^^ future trends. 

American Society for f^icrobiology, Washington, D. C. 

,186. Stem, N* J.i Rothenberg. PJi and Stone. J.M> 1985. Enumieratiori : and 
Reduction of ; Campylobacter Jejtini in Poultiy and Redi ^Meats. J. Food 
Protection. 48(7): 606-610. ■:.:hf---:^y^-:-^\ r 

V 187f Stumbo, (^i R/ ^973.; Therrndtjacteriolo^ Processing: . 2nd edn. 

Academic Press,NewYori<;:^^^^^^; ^ 

188. Subramanian, C. S. and Marth, E. H. 1968. Multiplication of Salmonella 
f/p/i/Vn£/ni/m in skim milk with and without 
acids. iAv/VWWf /^od;Tec/jno(; 31:^3^ 

189. Sugarman, C. 1992. USDA approves disinfection method. Washington Post, 
October 14i A1 2. - r ■ v . v; 

190. Suriciewicz, B. F.. Johnston, R. W., Moran, A. B. . and Krumm, G. W. 1969. A 
bacteriological survey of chicken eviscerating plants- Food Technol. 23: 80- 
87. 


50 


191. Tamblyn, K. G., and Conner, D.E. 1997; Bactericidal activity of organic acids 
against SalmoneHa typhimurium attached to broiler chicken skin. J. Food 
Protection. 60(6): 629-633. 

"192; Tamminga, S: Ki. Bcumer, R. R:, Kampelmacher, E. H. and van Lcusden. F. 
M. 1977. Survival of Salmonella eastboume and Salmonella typhimurium in 
milk chocolate prepared with artificially contaminated milk powder. Journal of 
Hyg/ene 79: 333-337. 

193. Tauxe, R. V. 1992. Epidemiology of Campylobacter jejuni infections in the 
United States and other industnalized nations, p. 9^1 9. /n I. Na^hamkini M. J. 
Blaser, and L S. Tompkins (edi); Campylobacter Jejunn ourreni status and 
future trends. American Society for Microbiology, Washington, D. C. 

194. TeOt Y;, Raynor, T.J., Ellajosyula, K R;, and Knabel, S.J. 1 99^. Synergistic 
Effect of High Tempisrature and High pH on the Destruction Of Sa/moiie/fer 
enteritidis and Escherichia coll 0157:H7. Journal of Food Protection. 59(10): 

■v..\ 1023-1030. 

195. Thayer, D. W., pickerson. G. Y., Rao. D. R.. Boyd, G., and Chawan, C. B. 
1992v Destmction of Salmonella typhimuriurn on chicken wings by Gartima 
Radiation, J. Of /=bod Sc/encei 57(3): 586-592. ' 

196. Thie^senj G. P. , Usbome, W. R., and On", H. L. 19£|3v The efficacy of 
chloririev; dioxide in contrdinng ; Sa/mp^ contaminatiori: and: -litis effect oil 
product quality of chicken broiler carcasses. Pow/t ^p/. 63:^7r653. 

197. ; ThomaSi C^: J; and McMeekin, TA. 1980;; eontaminatlon Qf broiler carcass 

skin during commercial proeeissing procedures: an:, electron microscopic 
study. Appl. Environ. Microbiol. 40: 133-144. 

; 198ii Thomas,, Oi J. and McMeekin. TJV; 1982. Attachment of Sa/m^ spp. to 
chicken muscle surfaces. >App/. Ehw/pn. A(f/cn6w^^ 

199/ , Thomas, C; J; and McMeekin, T^.; 1984. Effect of water uptake by poultry 
tissues . on xontaminaW by; bacteria during Jmrnersfon^ ' i^ bacterial 
suspensions. J. Food Prof. 47: 398-402. 

200. Thomas, C. :J; , McMeekin, , T^A* and Patterson, J.T. .1 987. Prevention of 
v.; - microbial contamination in the poultry processing plant, pp. 163-179. /n F. J. 
A. Smulders (ed.). Elimination of Pathogenic GrganisniS : from Meat and 
Poultry. Elsevier Science Publishers, Amsterdam. 


51 


201. Thomson, J. E., Banwart, G.J.. Sanders. D.H.. and Mercuri, A.Ji 1967/ Effect 
of chlorinei antibiotics/ beta^ropiplactonej^ and vyashiiigvon Salmonella 
typhimunum ort eviscerated fiyer chickens. Poultry Scb46: M^i 50. 

202. Thomson, J. E., Cox, N. A., and Bailey, J. S. 1977. Control of Salmonella a^nd 
6)densidn of shielf life of broiler carcasses w 

;;FbodSc/fence.v42; 1:352^1356.. :-;-v; . ■•■ ■^• ■■-.-X'-^ • ■^'■y-y'-::^j:-\(r-'r. 

203. Todd, E. C. D. 1980. Poultry-associated foodrbbrrtiejdiSiBase --^^^te^ 
cost, source, and prevention. J. Milk and Food Technol. 43: 129-139, i 

204. Toledo. RtT. 1903. Rundamentdls of food^ptoc^ss ;englH€ieiErngi 2"** edition. 
Chapman arid Mall, New 

205. Tsai, L S.. Schade, J.E., and Molyneux, B.T. 1991. Chlorinatioh o^ poultry 
chiiter water. Chlorine demand and disinfectibri efficae^^ 

206. USDA. 1994. The Livestock and Meat Situation. U: S^r Departrnent of 
Agriculture, Washington, D. C. 

207. USDA. 1994a;i Acceptable' antimicrobial: treatment&v Foda?^^Safety and" 
Inspection Service Notice 49-94. Dec 21, FSIS. Washington I>. C; 

208: J Villdfeali M; E.; Baker, R. G., and Regenstein. J: M.^99Qv Tjie;ihcidertGe^ 

Sa//J*0fne//a ion poultry carcasses following the usfe; of ^slowi release chlorine 
dibxidel (Aldidfe). /^drf/^ 

209; Walker, Mi- Wr arid Ayrfeis* J. G. 1959. Microorgariisms ^as§dciatetf ^^^W 
;com Sc/ence. 38: ISSfsiaSSi 

210. Walker, R. I., Caldwell, M. B.. Lee. E. C, Geffen. P., Trust. T. J. and Ruiz- 
! i/: : Palacios, -G.- M.= 1966i Pathophysiolbgy ■ of? Campyioba^tisr erifferitis, 

: 211. V Wang, D. I., Scharer, J: and Humphrey v A; Ei 1964. Kinetic of death of 
. V • ■ bacterial spores at elevated temperaturesi Applied Micmbiolo^y, 12: 451- 

; ■.4.54. / ■ ^- ..--:.w.vv..v^ ' 

212. Wang. W., Powers. B. W:> Luechtefeld; N; W. and BJaser, M . 1983. 
Effects of disinfectants on Campylobacter Jejuni^ Applied and Environmental 
/lf/cAD5/o/ogy 45: 1202-^1 205; ' V^; 

213. Yokotani. H.. Usui, T.. Nakaguchi. T.. Kanabayashi. T.. Tarida. M., and 
Afamaki. Y. 1971. Acute and subacute toxilogical studies of TAKEDA-citric 
acid in mice and rats. J. Takeda Res. Lab. 30: 35. 


52 


214. Yousef. A.E. 1996. Pulsed light and pulsed electric fields for cold- 
pasteurization of food§, vPce^enited at th Annual Meeting of the Food 
Research Institute/University o^^fe 

215. Zeitoun. A. A. M., and Debevere. J. M. 1980. Inhibition, survival and growth 
• > p0i4ftry?as irjflueriq^^ lactic acid 

treatment and modified atmosphere packaging, Int J. Food Microbiol. 14: 




^Islam, M. M., and Toledo, R. T, To be submitted to the Journal of Food Science. 

53 


ABSTRACT 

The capability of radiant heat to reduce resident /miprqfiora^^i^^^i^^^ 
^bilers wds investigated. Whole i^dyr^Hcook^ broiler^ a 
; jradiant wall (RW) at 649 -C, for 0; 3v 4v 5,; or 8 s or dipped ill a solution 
containing 1% buffered sodium eitnate/pH 5-8 (BSC)v0.5% citric acid or 2% 
liquid smoke (LS) prior to RW exposure. Radiant heating in ran air (EW/A) or 
superheated steam atmosphere (RW/S) wias also^^^t^^ RW/S treatmeiit for 5 s 
reduced total plate count (TPC) by 1.23 to 1.73 log. RW exposure>for 3^^nd 4 s 
showed less than a log reduction. RWexpp^ur^^ 
• Jog reduction of l^G howier^^ 

was not significanttjir different w^^^^ and; RW/S tr^atmentsrbirt skio; in RW/A 
treatnriente^^ be dehydrated: : Dipping in 1% BSC \yas synergistic with 

RW in reducing the TPC but CA and LS preTtreatments had no effedfe:^ 
during RW treatment showed no significant differences.on TP^^^ The inside body 
cavity of treated carcasses was not affected by the RW treathrr^^ v ^ 

KEY: WORDS: Poultry; :micrpqrg9nfsms; pasteMrizatipn^ . radiant ^^^^t^ 
citrate; antimicrobials . -'^w^ ^-;:V;..-: 
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INTRODUCTION 

In 1992, the U.S. poultry industry produced $ 12 billion worth of birds at 
the farm level* which were processed into products; valued at $32 billion 
(Durham, 4993). In 1993. over 27.6 billion pounds of ready4o-eat poultry 
products were produced v (Agricultural Statistics Bpardv USDA, 1994). The 
widespread isalis and use of raw chicken demands closer attention to their 
tiriicrobiology; Ghrlled or frozen, chicken may be marketed as wholej , whole cut- 
upi bone4iri parts or deboned. With few exceptionsv bacterial growth: is a surface 
phenomenon in raw poultry products^ The quality of the chieketa me^t is 
consideir6# optimuim immediately/ after processing, and maintenance of 
acceptable, equality: depends ori initial nflicrobia^ levels -and rneasures , taken t . 
minimize the growth of organismsv The surfaoe; micr of ready-to-eat 

chickeri carcasses is heterogeneous, consisting of mesophilie and psychrotrophic 
bacterisi from the animal itself, soil and w from the environment, and 

bacterial species introduced; by man and equipment during processing (Grau. 
1986; IGMSFil 980); Populations of bacteria on surfaces of raw : chickeri 
carcasses at the end of processing vary, but typically the range is from 1 0^ to 10* 
aerobic mesophillib orgahisms per inch? (IGMSFi 1980). Because the post- 
processing environment is frequently refrigerated, a low-level contamination with 
psychrotrophic bacteria ainiost always occurs. The two major concerns are 
control of spoilage organisms which cause consumers to reject the product due 
to unacceptable odor or flavor, and minimization of pathogenic organisms which 
may, under prolonged storage or faulty handling, lead to a health hazard 
(Cunningham, 1987). When chicken is held under refrigeration, the micro flora 
begins to shift toward psychrotrophs of the Pseudomonas-Acinetobacter- 
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Moraxella group (Barnes. 1976). Earlier studies by Barnes and Impey (1969) 
found that the organisms most cbrnrnonly found growing on poultry cardasses at 
low temperatures (around 1°C) were pigmented arid non-pigmented species of 
Pseudomonas, Pseudomcinas putrifadens, and strains of Acinetobacter. These 
• authors ialso ribtedi that P. putrifadens grew much faster on leg muscle than on 
breast, and explained this on the basis of a difference in pH - leg riiusiGle having 
pH 6.4 - 6.7, and breast 5.7 - 5:9. In an earlier report (Ayres 1969), it Was stated 
that the microbial population responsible for spoilage of the refrigerated product 
(4°G) was psychrotrophic. After 12 days storage, the dominant psychrotrophic 
population was 90% Pseudomonas'^Aehfomobaeten Pseudomonads were th 
most significant Gram negative rods associated with spoilage of poultry. 

Poultiy processors must: minimize microbiar counts ini processed; birds to 
prolong shelf life as well as reduce the incidence of pathogenic microorganisms. 
Generally, practices used to reduce microbial counts would also reduce 
pathogenic microorigahisms. It was hypothesized that very rapid surface heating 
for a short time would effectively reduce the number of microorganisnis on the 
surface while maintaining the normal raw appearance of the product. Surface 
-decontamination may be useful because pathogenip microorganisms are usually 
only on the broiler surfacev{Gill and Penney. 1977). Generally, microbial 
inactivation requires less energy than cooking (Harper, 1976). thereforci radiant 
heat of adequate intensity to only heat the surface would be effeetiye for this 
purpose. High intensity radiant heat application was tested using a Radiant Wall 
Oven (RWO). The system consists of a cylindrical steel alloy (91 cm long by 
45.7 cm internal diameter) enclosed by a larger cylinder which is insulated on the 
outside. A jet gas burner forces combustion gases in the annular space between 


Ui^ cylinc!en& generating intense heat to raise the ternperature; pf the insW^ 
cylinder? sufficiently high tq make the SMrfac?e an intense radiant h at^ctiiree. The 
oven controls the surface temperature of th]e radiant yyall, this being the only true 
manifestation of the ^radiant heat transfeF. r stesam is introduced into the 

radiant wall; the high temperature eony^rts saturated steam rapidly into 
superhe,at<ed steam^ IThusv heating: irnayr^be #n(e in an^^tmosphien^ pf 
steam (RVV/S)> or if the steani is not used, an air atn^josphece sMrmynds th 

; The objective of this study were^ to define the heati^ for 
decontaminaition of whole dressed broileis additives without prpdi^ 
appearance on the surface using radiant heat ^nd to invest^atenthe asynergy of 
the thermal treatment >and various antimicrobial additivesv.pn inactivation of 
indigenous microbrganisrTis on the chickew skin> 

. . MATERIALS & METHODS 
Whdle pmiler chickens} : . ■ :>■■■:.■ y.^: -.-■■■s •r-.r/.:;.;*?, 

Forty whole broiler^ carcasses in eachiof threevreplicate^tria!^^^^ 
were obtained directly from the, cbillef fexit of a. commercial broiler^^^^^^^ 
■ plant These carcaisses were processed from^ 7 weeks old birds and semi- 
scalded at 60*?C for 90^^ sj The broiler carcasses were transpo to the 
laboratory where they were placed in a, walk-in cooler at Q.5°C andttreated within 

■m-- , ■ ■ \-. .-.-v. --A ■<■(■-:. ■ 

Radiant energy source ■ ^ ^^-.irv... 

A radiant wall (RW) oven (Model 1 2-36, Pyramid Food Processing 
Equipment Manufactun'ng, Tewkisbury, MA) was used^ Samples were exposed to 


the radiant wall while travelling on a wire conveyor belt through the antral axis of 
the heated cylinder. A special rack wais constructecl to permit the carcasses tb 
ride the conveyor vertically with the vent cavity^ positioned downwards. Most 
: carcasses entered the RW with the breast forward. To deterrnine; rf the 
orientation had an effect, a set of samples were treated with entering the RW 
oven with the back forward. Hie' carcasses werie surrounded by the raciiaint wall, 
thus alJvsurfaoes received equal exposure to the radiant he^it. The- lin^ar speed of 
the conveyor belt was adjust^ to achieve a desired dwell time In; th& r^^ 
.zonie.; ■ . /• ^> r . v-:.- .;■ ■ •■■v.Av;J^-v-:fM^^ 

Buffered sodium citrate. pH 5.8 (BSC) is a USDA approved Ingredient for 
meats provided; by WTt , Inc (Highland, NY). Food grade citric acid (CA) was 
ohtained from Greenfield-Thprpe eprp. (Chicago IL). Liquid smoke (LS) was a 
specially i fomnulated wood smoke fraction designated "Cocf^ N^^ 
Specialties, Brentwood, TN): Aqueous solutions of these materials w^re; prepared 
and placed in a 4-liter stainless steel beaker to permit complete Immersion of a 
whole carcass In the solution. Thie solution was replacedl W'^h f ^l??'?^ ??^'*^ss . 
Solutions were< i% BSQ, 0.5% CA w/w or 2% LS (v/v). jhese materials have 
been found Jn our prelinrtinary work to h^^^ 

Treatments : Whole carcasses were taken directly from the cold robrri arid either 
introduced directly into the RW oven or dipped in the antimierbbial solution at 
ambient temperature (24 27°C) for 1 min. followed by RW exposure. Following 
the RW treatment, each carcass was removed from the conveyor and placed in a 
sterile Stomacher bag (Seward Medical, UK), ovenwrapped witli a 1-mll 
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polyethylene bag and stored in the walk-in cooler at 0:5°Cv cintilf analyzed. RW 
temperature was maintaiined at 649°C for all treatrrients. Exposure time was 3, 4, 
5i or 8 s and^ the atmosphere was either air or superheated^ steam. The 
experirhental design (replicate x tinie of RW exposure x no: of dip treatments and 
RW atmosphere ) wias 3 x 5 x 8. The 8 dip RW atmosphere treatments were as 
follows: No dip steam RW atmosphere (RW/S/O); No dip air RW atmosphere 
(RW/A/O); BSC dip steam RW atmosphere (RWZS/BS©) ; dip air RW 
atmbsphere (RW/A/BSG); GA dip steam R\/V atmosphere (RW/S/GA), ©A dip air 
RW atmosphere (RW/A/CA; LS dip steam RW atmosphere (RW/S/LS) and LS dip 
air RW atmosphere (RW/A/LS). One carcass was used for:each of 3 reiplicates for 
a total of 120 carcasses treated. 

Sampling ^hd CPU enumeration : G&i:cas^es were visually evaluated by the 
authors after RW exposure for disCbloratidn caused by bumingi cooking or 
interaction by heat and the g^Sip solutions. Samples exhibttihg changes in 
appeararicei from the raw carcasses were cohsidered unacceptable trieiatments. 
F&ildwing rrircrobioloigicars thfe carcasses were baked and the cooked 

prbdUct evaluated for off-flavors from thb dip and RW treatments, Golony forming 
units (GFU) were enumerated on chicken skin by excising aseptically;;abbut 2.5 g 
(1 sq. inch of skin ) each from 3 differentareas (breast, back and: Vient) of each 
carcass. The excised tissue was placed in a Stomacher bag (Seward Medical, 
London) containing 97.5 ml of sterile 0 1% bacto peptone solution (Difco 
Laboratories, Detroit, Ml) and pummeled for 60 s in a Model 40b Stomacher 
(Seward Medical. London). Serial dilutions were made with sterile 0.1 % b^cto- 
peptone. A 2.5 g tissue sample was scrapped from the middle of the inside 
carcass cavity and similarty prepared for microbial evaluation. The total Plate 
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Gbunt C^PC) prbcedure diescribed by Swansbn et (1992) was usied.f Pour 
piates'were made using standard Plate 

were iricubatiBd at 32°G for 24 - 48 h- Colony foriming unfts (CPU) wei^6 counted 
using a Quebec dark field colony eouhter (Anrierican Opticiai Company/ Buffalo, 

- ' ■ • ^--'i:: ' .'■^■-^'A^^ 

Statistical analyses .Microbiological data were transformed into logairftlirns of the 
number of colony-forming unrts/cm2 (logi(/cm2). Average data and stanc^ard errors 
were calculated from three replications. The analysis of vananpe^ (ANOVA) 
procedure was used to detect significance of replications, exposure times, dip j 
treatments, orientation of chicken and different atrnospheres. Cpmpansons of - 
means were based on Duncan's multiple range test All values reported as 
significant were analyzed at the a = 0.05 level. 

RESULTS AND DISCUSSION yr ' -^^ ^ 
Effect of treidtrrieht time :The efficacy^^^ o diiferenf treaMerits in 

dicbritamiha^iiiig^^^^^ chickfen brpilferii is ptesieht^^^^^^ in T^bli i; M Ibj^^^^^ 
increased reduction of surface hriicrobrgahisrtis resultfed with ihclfeasiitg f^^^ 
time. Howisver, although samples treated for 8 seb,^'e6hsistentiy fediit^'^^lsurface 
flora by at least 12 logj, visiiaf evaluaiioh of the sa#iplei^ showedl^^^^^^^^^^ 
appeiiranice. Oh the other hand, freibtnient tihries of 3 ahd ' 4 s 'failed to 
consistently redClce TPC by 1 log. Broilers dipped in 1% BSC isoiutiSh before 
RW expbsure for 3 or4 sec without ■ 1 tog reduction in 

TPC^ The res;ult is due to combined effeds of the antimiciFbbial ageht'ahd radiant 
heat RVy eikjaosure for 5 s consistently resulted in 1.26 to 1.73 I6g TPC 
reduetTonV At the time of experiment, the RW burner wafs inadeCiU^fe tb heat the 
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RW to a higher temperature and thus, the effects of a rnbre intense radiant heat 
treatment coulcj not be evaluated at this time. VVe hypothesiged that a higher RW 
temperature will achieve greater JPC reduction with shorter; treatment time and 

; not induc^ visible change in prqdu^ 
Effect of steam : A superheated steam atmosphere in the RW oven did not affect 
TPC reduction on RW exposure. Microbial log reductions on samples treated in 
an air atmosphisre were not significantly different from log reductions on samples 
treiated in a superheated steam atmosphere, as shown in Rg.1. St^am was 
expected to modUliate the harshness of dry raciiant heat on th^ delicate chicken 
sicih to avoid buming at any given spot VVe observed that when steiarn w^s used; 
the broiler skin appeared moist and fresh after RW exposurCi However, as 
indicated in the graph, a stearh atmosphere reduced slightly the radiant heat 
effect on the microorganisms probably because of the lower tr^hsmitiahce of the 
radiant energy through steam compared to air. Although using steam or air 
atmosphere had rio significant effect on TPC reduction, use of a^ steam 
atpiospheri^ in the RVy oven is still desirable becaus^^ of 

th^ tireated cari^^^ 

.Ej^ot-oif anU-^ : TPQ^arifi: Ipg redu^^^^ datf,.fo^^^ vsnpus pre- 

trfatrnents by anti-micrpbfal prfseryatives are presented i^ 1- At th 

.concentrations of the 3 antirmicrpbial agents used, prily.;a: slight syriergi^tic effect 
on JPQ reduction over RVy treatmenjt alone was obse|yed^r VyhH^^^^^ dip 
iniproyed the reduction by about half , a jog, both citric acid an^ liquid smoke 
treatments improved it pnV by a quarter log. Ir^ an earlier experiment we 
determined that retention of BSC by chicken dipped iri BSC solution is only 
apprpximately 1% of the solution concentration. Thus,: a 1% BSC splutiori would 
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permit retention of only a 0 6i% BSC on the chicken surface. Thus, higher 
concentrations than 1% BSC could possibly b used to get a better synergistic 
effect on microbial decontamination. 

Effept of carciiss pdsiUbh I 2 shows; thiat there was no significant difTerehce 
in total reduction of rnicroorganisrris due to orientation of carqas;ses. There was 
also; ho sighificaht differende iri log cduhte of mi^rddrg^nismS i^^^ the body 
cavity of chicken carcasses before and after the radiant heat treatirierlt (Table 3). 
This indicates that the radiant heat did nqt reach the Irisi^ft boiijy cavity of the 
carcasses and coyld not bring i^ny redu 

CdNClUSUDU 

Radiant heat from a high temperatrure radiant wall induced microbicidal 
eiffects on surifaces of whole broilers without <^ 

exposure for 5 s at 649 *G with a 1 h>in predip in,1 ,% buffered socilum citrate 
solution induced more thari 1.5 log reduction in TPC. 
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TABLE i : Mean ± standard error of log numbers of aerobic bacteria ocJ the 
suifape' of fresh broilers variously treated and exposed to radlant heat for 
different periods of time 


Treatme nts^ 

Mean ± SE^ logio CFU/cm'^ at various exposure time (sec) 

0 

3 

4 

5.V- 

8 

RW/S/O 

3^80 
±0.19 

3.14 
± 0.12 

2.92 
±0.43 

±0.41 

'■fm ■ 

±^26 

RW/A/0 

3.80 
±0.16 

2.91- 
±0.14 

2.82 
±0.32 

2.51 
±0.31 

1.51 

RW/S/BSC 

3.28 
±0.16 

2.87 
±0.20 

2.53 
± 0.09 

2.11 
±0.43 

1.38 
± 0.23 

RW/A/BSC 

3.28 
± 0.23 

2.76 
±0.18 

2.47 
±0.11 

2.05 
±0.13 

1.42 
±0.18 

KW/b/OA 

3.51 
±0.07 

3.16 
±0.37 

3.04 
±0.24 

2.28 
± 0.21 

1.39 
±0.11 

RW/A/CA 

3.51 
±0.13 

3.12 
±0.22 

3.03 
±0.09 

2.23 
±0.23 

1.34 
± 0.25 

RW/A/LS 

3.50 
±0.22 

3.05 
±0.15 

2.67 
±0.17 

2.26 
±0.13 

1.38 
±0.23 

RW/S/LS 

3.50 
±0.13 

3.04 
±0.12 

2.60 
±0.14 

2.24 
±0.15 

1.33 
± 0.12 


" Data represent the average of three broiler carcasses (n = 3) and 
standard error ranged from ± 0.07 for loW and ±0.43 for high 

All radiant heat freatments were at 649 

Treatments were 


RW/S/0 : No dip, steam RW atmosphere 

RW/A/0 : No dip, air RW atmosphere 

RW/S/BSC : i % Buffered Sodium Citrate dip, steam RW atmosphen 

RW/A/BSC : 1 / Buffered Sodium Citrate dip. air RW atmosphere 

RW/S/CA : 0.5% Crtric add dip, steam RW atmosphere 

RW/ZVCA : 0.5% Citric acid dip, air RW atmosphere 

RW/S/LS : 2 /o Liquid smoke dip, steam RW atmosphere 

RW/A/LS : 2°/ Liquid smoke dip, air RW atmospher 
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TABLE 2: Effect of positional orientaton of chicken carcass on the 
surface microbial reduction when treated in a Radiant wall 
oven at 649 °C for 5 sec in a steam atmosphere 


Treatment 

TPC(Log 

loCFU/cm^) 

Log reduction 

Before treatment 

After treatrnent 

Breast forward 

3.78 ±0.14 

2.05 ±0.11 

1.73 + 0.03* 

Back forward 

3.81 ±0.09 

2.10 + 0.17 

1.71 ±p.08*' 


' Data represent average of three broiler carcasses (n=3). Means within 
columns with common following letter are insignificant ( P< 0.05 ). 
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TABLE 3 : Effect of radiartt heaiioh inside the body - 

cavity of broiler carcasses when exposed to a raijiaht wall at ; 

64#^C for 5 sec in a s^^^ v 
buffered eftricaad^^(^ 


Treatments 

TPC(LogioCFU/cm^) 

Log redudtion 

Before treatment 

After treatment 

RW 

4.13 ±0.21 

4.07 ±0.22 

0,06±0.dl" 

BSC/RW 

3.53 + 0.18 

3.49 ±0.16 

0.04 + 0.02" 


* Data represent average of three broiler carcasses (n=3). Means within 
columns with common following letter are insignificant ( P< 0:05 ). 
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FIGURE-1. Effect of radiant heat environment on the destruction of 

surface microorganism on chicken surface exposed for various 
periods of time to a radiant wall at 649 °C for 5 sec in a steam 
atmosphere 
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CHAPTER 4 


EFFECT OF RAPID SURFACE HEATING OF dRblLEf^ PARtS BY R?VPIANT 
ENERGY ON MICROBIAL QUALITY AND SHELF Llpi 


^ Islam, M. M.. Toledo R. T.. and Fletcher. D. L To be submitted to the Journal 
of Food Science, 
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Radiant energy and buffered (pH 5.8) sodium citrate (BSC) were used to 
inactivate surface microorganisms on raiiv chicken drurinisticksv Total plate 
counts Were evaluated durin9 storage at p°C and 4*'C: Drumsticks were dipped 
in BSC (P to 10%) and exposed 3 s to a radiant wall (RVV) at 788*C. Optimum 
BSC dip was 6%; lower fevels induced less microbial reduction and higher 
levels gave poor product flavor. Maximum logio reduction in total surface 
microflora was 2 to 3, providing a shelf life to 27 cl at 0*C vs. 13 d for controls or 
18 d for RW treatment only. At 4"C. shelf life of BSC/RW treated drumsticks 
was 21 d vs. 10 d for control and 13 d for RW only treatment Immediate chilling 
after RW treatment with dry ice snow prior to packaging and storage had no 
effect on shelf life. Skin modification by different scald procedures affected shelf 
life; semi-scald (52''C) shelf life at O'C was 29 d vs. 23 d for sub-scald (60«»C). 

KEY WORDS: Chicken dnjmsticks. shelf life, radiant wall, buffered 
sodium citrate, scalding, microbial quality 
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. INTRODUGTION 

Thirty six billion pounds of broifei^ thicken m6at were processed in the 
United States in 1996 (USDA, 1998). Appi'oximately 80% of this meat was sold 
fresh (unfrozen). Extension of shelf life is si primary concem of the industry. Fresh 
poultry shelf life depends on the numbier of spoilage bacteria on the product 
irtlmeidiately sfler processing and post processing hold temperature: Spoilage is 
ntanrfested by high levels of psychrotrophic batetiria (Russell, 1991^. Normal 
healthy broilers carry eictensive micrbblar contaniiriation on their feathers, skin 
and' lnte$tinal tract (IGMSF, 1980; Curinighani, 1982; Cunningham and Cox, 
1987). During hanging and bleeding operations, wing flappiHg generates 
aierbsols which? may distnljute doiitamination to the defeathered carcasses 
(S6fo6, 1994); In addition, the mOist and warm equipment in the processing line 
spreads contamination iamohg carcasses (Grau, 1986). In general, 
contamination Occurs during all processing steps including stunnihgv bleeding, 
scalding, defeathering, washing, evisceration, and washing^^ a in ice 

water or in cold air (Mead; 1982). Due to the rapid rate of processing; which 
reaches; mw^^^^ 6000 birds/h oh sonrie lines; contact with processing 
equipitient favor the spread of microorganisms. Certain processing practices . 
make <iontrol of microbial Contamination more difficult with pouftpy XMead, 
1989); It is traditional for the carcass to reniain whole throughout the process, 
thus making it difficult to remove the intestines without breakage through a 
relatively small opening in the abdomen. The need to retain the skiniprovides a 
complex surface, which is especially conducive to the entrapment of biacteria 
because of the numerous pores present following feather removal (Thomas and 
McMeekin, 1980). After evisceration and final wash, carcasses are immersion 


chilled in a (x>mmunai ice b$th. Although rapid chilling reduces bacterial growth 
the process a(so results in cross contamination: pf carcasses (Llllard. l^ 
nriost common spoilage bacteria of refrigerated (poultry: are ; 
Acinetobacter, ^r)6 Lactobacillus (Elliott et aL. .1.-995)i Rseudomqhas spp. 
.becomes the predorninant organisms on the. surface ol ispoiled 'poultry. 
Populations of bacteria on surfaces of raw poulti^; cajFiiasse^ /at r the end of 
processing vary^ but J^^icaily t^^^ is from IQ^ to. 1p| aj^robic mesophilic 

orgariisms per cm? (IGM^F. IQ&P)^ Since bulk chi«?kei^^^ be 
obtained , frprn several birds and ate spbjected to conisiderabilyv^^^ 
than ;are^ intact pouKry car^ they may contain: grestter iiidlge^ious " micro 
flora thai* other higher value parts of the chicKen. ^any^ btaGtena ^^dH^ firml^ 
tp poultry ^carcasses during processing (M 



on poultry during processing and storage. The application of :Chlo,dne (Villareal et 
sA^ msoyi organic acid (Lillard et aL^ 1 987)/ or sorbsrte ((?q^ac?h, has 
been used to sanitize meat and poultry cai;casse&n^i% app.^^^^^^ 
relatively lohg; treatment times (2-120 min) and typic^llypnly spall redw<^^^ 1 
j:'pg Gyeles);in bacterial count have been achieved.-Alsov these dips had; a? serious 
detrimerit on; the appearance and: sensory- quality, of the :.productSv^. Ultrasonic 
energy5(§arns^nd Feria,ft1991> and>jute^ 1987) 
treatmg|^haye^lso^fbe<^n V!iyth 
irregularlyilfipid^^^s^^ Ionizing radiation is> effective in decontaminating 

poultry carpasses lMulderet alrV 1977); b^^ its application may be hindered by cost 
and curreint consumer resistance. Modified atmosphere papkagin shelf 
lifebf freshppultry has prbven to have some meriti (Finn6, 1982) however, there is 


a big risk of g'rbwth^^ of any facultatively anaerobic or anaerobic psychrbtrbphic 
pathogens. Other potential non-thermal methods to extend shelf >lif(B such as. 
Pulsed Electric Fields (PEF) ^hd> Pulsed High-intensity Light (PMIL) technology 
(Yousef; 1996), High Hydrostatic Pressurie (HHP) Raffaliret al-;1994);;B 
(Shefetetal., 1995; Crosby, 1998) etc. have been tried with lirtiHed Success. 
steam heating followed by eyaporath/e cooling (Morgan; al; 1#96, ^griarowicz- 
Provost, 1994) was reported to be effective in som6 easesi BMi #i^r^^^^ is not 

yet fully developed nor commercially applied. As no bthesr'> 
preservation to replace heat has yet been developedi we investigated a new 
approach Of applying heat to the prodi^cL We hypOtiieSfee that Md^^^ 
adfequatie inl^hisity will rapidly heat a Surface to kill microorgaRlsrnS rapid 
dissipation of this heat will prevent developrhent of a ;cb©ked aj^j^eia^^^^ jri; 
addition, rapid surface heating also evaporates moisture from the- surface 
concentrating any applied antimicrobial agent on that surface prior t#;|l?ie radignt 
heat exposure. In a previous w6ri< (Islanfi^ and Toledo, 1989) we dehionstratedthe 
effecStiveness of radiant energy as an antimicrobial treatment^forve^poisedLSurfaces 
of raw poultry^ Since the interior cavity of whole dressed broileiB cb^^ not receive 
the radiant energy, it was concluded that the treatment would be moi^e^^^^^^^ 
cut-up parts since al^ • surfa^ces <^n be exposed to the radiant energy. The 
objebtives of this study were: to jrivestigate nfiicrobicidai ■ effect : of sur^^ 
application of buffered sodiurri citi^ate, pH 5.8, arid radiant energy Jfrom a high 
temperature radiant wall On microorganisms on broiler parts; ^nd too determine if 
the type of skin surface resulting from different scalding treatments has an 
influence on tiie microbicidal efTects of the treatment 
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MATERIALS AND METHODS 

Radiant energy source 

Radiant energy was obtained Irorti a RW dyen (Model 1 2-36, Pyramid Food 
Processing Equiprnent ManufaduringvTewksbury, MA). The oven was previously 
described by Islam and Toledo (1^98)^ The manufacturer irnprpved the unit used 
in the present work to provide, a higher burner capacity thus allowing the RW 
ternperatyre tp be maintained at 788 
AriUrnierobiat agent 

Based on previous studies by Islam and Tpledq (199^),^ buffered sodium 
citrate #SG), pH 5.8 was used. BSC was ojateinedifrpm^^V^ Incv^ Highland, NY). 
A/arious^Goneentrations of this solution (wA^^^ 

quantities of powdered BGS to corresponding appropriate :quantities pf>dei^ 
■ water..; • ■ --.-^ 

Broiler parts : :>/.;vAv1-.--;c;-^=- \ ; ,;.S^:V;:w: 

experiitienti brojlfer drumsticks ijWere .obtainp^^^ local 
processing plant The dmrasticks .were, mephanically severed vfrpm^ <^ 
Within 1 hcof exit from the chiller. The drurpstieks were then^ packejd iri: ice, and 
ti^nsferredtothejaboratoiyandtreatedwithinlv^^^^^ v \:;%u\^;:.v--i;.:':.pv,^i:.^-y:h 
■■■■■■■:i:r''^:^-Fot our secpnd experiment; dRjmsticks were): also obtaio€|d from!' bf oilers 
processed in the pilot processing fapility of the pepartiinent :0f pQwItry^JScience, 
University of Georgia; Athens, to evaluate the- effects of scald treatments on 
inactivation of surface micrporganisnis by radiant energyi.Forty live chlGkens (6 to 
7 Weeks old) were divided into two g roups; of 20 birds each. Each g roup of birds 
was hand slaughtered and scalded eitherat:52°G (semi-scald, 125°F)^t^^^^ 
epidermis intact or 60°C (sub-scald, 140°F) to remove the epidermis. The scalding 
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time was 90 s and picking time was 45 s in.a rotary batch picker. Each grouja of the 
chicken carcasses was chilled in a static ice arid water slush separately for 30 rniii» 
After draining for 30 s dmmsticks from each carcass were removed by hand and 
brought to the Food Processing Laboratory in ice^^ chest Sarti^lies iwere treated 
■ within 2 h. '' y Z 

treatments 

Effect of BSC concentration in 1-min dip: In this first part of the first 
e^pferirnent. 11 cdhc^htrationS of BSC. and 3' s of exposure^to the RW at 788°C 
wfere used. Microbicidal effects Were evaluated as log reductiori of the^ natural 
rhicrb flora and changes in CFU diirih^ Storage at 0 and 4^C. l^e fe^pfenmental 
design was 11 x 2 x 2 (BSC cohic^ntration in dip x? storage temperature 
replic^tes)fdr a total of 44 data sets. Ten drumsticks wisre used per data^set (440 
total drumsticks frorrii the comrnercial plarit) and 10 untreated drunisticks wer^ 
saved as contrblper rispiicate and storage ateach of the two stiDraige temperatures 
(40 controls). Foir each replicate bf a dip treatment. 20 druHisticks W^re dipped 1 
mih in BSC solutions (0 to ^1 0% jn 1 % iricr^nients) then placed bfi a^ v^^^ 
screen to dr^in for 30 S: Drumsticks were then individually -exp 
heat The treated' druTTisticks wiere caught fcbm the conveydr^^as they^^ e^ 
from the RW oven directly into sterile Stomacher pouches (SeWard- Medical, 
London). Equal numbers (10 each) of these individually bagged drurnsticks were 
stored at 0°C and 4''C 

VeriHcation of optimum dip and RW exposure an^^^ 
after RW exposure: In the second part of the first experiment, ipOdrurristicksfrb 
the commercial plant (1 0 per treatment) were treated as follows: 
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Description 

Designation 

6% BSC dip, RW exposed, no post chill 

RW/BSC 

6% BSC dip, RV\rexpbsed; pdst chilled 

RW/BSC/PC 

no dip, RW (exposed, no post chill 

RW 

no dip, RW exposed, post chilled 

RW/PC 

no dip, no RW, no post chill 

CQNIROL 


Treated samples were stored at 0 and 4'?C. All RW exposure w?^S.at 788°C 
for 3 sec. When a dip was used, alLtG drunisticksper treatrnentw^ in 
the 6% BSC solution and drained before RW exposure as described abpye. Post- 
chill was GOnduGted to rempve: residuial heat from the RW expo^qd drumsticks 
piiof to storage. TTiis ;W^ by applying dry ice snow on the 

before sealing the stomapher bags in which t^ 

E^ct of sfdn condition induced. by scsiid temperature on antlmicrpbial effects of 
mdiant energy: used- for the: second experiment were 

processed .in the pilot processing plant as described eariier. Jwelye drumsticks 
Were used* per treatmentv Afer^t each drumstick was Individually bagged 

;as previously described The following . treatments were 


performed: ; 


Description Designation 

Semi-scald, no dip, no RW exposure A 

Semi-sbaldiribdip, RWexp^^^^^ A1 

Seitji^scald; 6% BSC dip. RWe)^p6sed A2 

Sub-scald, no dip, no RWexposure B 

SutKScald, no dip, RW exposed B1 

Sub-scald, 6 /o BSC dip. RW exposed B2 
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Sampling and ehumemtioti: 

Drumsticks from (he^ Immediately following treatment and 

atter 2, 5. 10. 13; 18; 21^ 23; 25, and 27 d of storage at O^C ^hd 4^C. one 
dnjmstickfrbm each treatment wais; removed for evaluation and TPC enumeration . 
All samples were evaluated subjectively by at least two laboratory wbrkfers for odor 
arid appiearariee upon opening of the bag in which they were stdr^d;Eitih sample 
in a sterile Stomachier bag was weighed. Approximate amotirits of 0:1 % sterile 
peptone was added to each sa^^^ a ratio of 1 .0 ml of peptone to 1 .0 cm^ 

of sanhple surface area according to Goresline arid Haugh (1959). The samples 
were prepared by shaking the bag vigorously 50 times in 1 ft arcs at approximately 
3 sh^kes/^ec. Tdtar plate CGiiri^^ were made on the appropriate decimal 

dilution of the samples in sterile 0.1% peptorie by standard pour plate method 
using plate count agar (Difco. Detroit, Ml). Duplicate plates were made on all 
samples and incubateid for 24 h at 32°C. This time and temperature of incubation 
were found to allow rapid growthvbf the bacterial colonies wrthoiit causing the 
coloHies to touchv leading to erroneous resiilts in counting (Elliot et aL, 1995). 
Both plates at a dilution giving 30 to 300 GFU/plate followirig^ihctibatipn were 
counted using a^ Quebec dartc field coldriy couritier Model 3330 (Ariie^^ 
Company, Buffalo/NY) and average of the two p 

Drumsticks from the pilot plarit In iHe second experimerity the samples from the 
controlled scalding processes were analyzed by the skin excision and maceration 
technique. Immisdiately following treatment (day 0) and after 2, 5^10, 13; 18, 21, 
23, 25, 27 and 29 d of 0°C storage, one drumstick from each treatment was 
sampled for microbial enumeration^ The two sanriples (a 1 sq. inch skin samples 
aseptically removed from the middle area of a drumstick and the whole drumstick) 
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were then analyzed separately by the two followirig methods: si(in m and 
the whole drumstick nnse. In the skin maceration techniqu ieaoh skiri piece was 
hompgenized wiUi 100 ml of stenlfcied0.1%^j])eptQne waterina Stomacher 400 lab 
blj^nder (Seward Medi^alf 00 sec. Dil!Litions;Of the hornpgenate were 

made with sterilized peptone water (0.t%)> Total pjate Qq)Mnts^;(cfvii/mi of rinse 
wal^r) M^ere made in duplicate pour plj^tes using plate count agjaiF>(Oifco^^ Detroit. 
Ml)^ith plate InQubation at 32°C for 24 hoMi^. The s^rf^!Ei^^^ma 0€^dt^ drumstick 
w^s calCHlatedfrprn its weight usiqg: the forrnu +[1.41 
.-a wti (g) ]v;^Goreslins and Haugh 1959). Results syv:iere recQrded!^s.:G of 
.■■;Sl!^.S(lJrfaC(e,.:.^. ^ >>;■. ^^.i-- ^ ;^/./'X.-;;'c,i^-r>vi;-i'J^\ 

, , For th<e , whol^ rinse n^^tliipd/ same pr^ 

enwrnerationyyas/^^^^^ ;i j -fy:^,-.: 

Eff^ctiofB^C concentration in thepns<ffp > p\ :-:};:r%::.< 

5 Inipireasipg cencentratipns of B$C in the dip re:su|tedv ii?i Ipy^^ 
prga^isniS:;^^^^^^^^^^ treated sarnples immediately after; treatfnetit (Table 1). 
Untreatedi^controls^^ rinse of 4 rwhich cpnipiares with datai 

from Islam; aiidi Toledo (1 998) of log; (CFU)/cmN of 3.3 toiSi^ <|n> whole broiler 
carcasseis. Log f eduction with 1% BSC dip :and ;3 S;exposure to B^-.^t 788°C 
5 (Table1) was 1>9 compared ;to1&2 previously report^ Islam 
(1988) with 1% BSe dip and 5 s exposure to RW.at 648°C. The higher RW 
temperature, induced more, inactiyato the same dipAand- exppsUre tim . 

Increasing dip concentration increased the- log reduction to a full 4 log cycle 
reduction with, a . BSC dip concentration . of 8% or higher. As expected, higher 


initial counts before storage resulted in faster increase of TPCiandrfoF the same 
treatnient a higher storage temperature resulted in higher grovvthi; rate ^ 
spoilageorganisrns (Tablei 2)i 

the effectiveness of the combinatidns of BSG dip and RW exposure on 
"storage life of the drumsticks is shown in Figs.1 (A and B) for storage at 6 and 4 
•e, respectivlsly. The useful shelf lifiS iS defied as the tome at Whidi the total 
bacteria count reached 10^/mfc This limiting TPC is uised; sirice it generall^^^^ 
corrielates with the onset of detectable off-odor of spoilage. This iftras observed 
in the odor of-samples evaluated before microbial ;evaluatiori iri: the^^^^p 
study. Other studies (iRobach, 1979) also used this micrclblplogi^l ;crilenV ^^^^^^ 
Spoilage of poultry; There was a $-day difference 10?/|ril betW 

0% BSC dip, and RW exposed samples compared tdvGOritrbl- sarnpl0s at bot^^^^ 
0*G and storage. BSG dip up to 3% with RW expbsu0 ■ did npt improve 
shelf life over controls at 4?G, vwhile dip of 4% and 5% BSC extended,^ t^^ shelf 
life 1 a days above those of eontroISi Dipping in BSC wrthout R\Afeex|)Osure did 
not significantly increase the shelf life compared to control ^anjpjes. ; A dip in 
6% BSC added 11 days to the shelf life of poultry over contrcl-samples eve^ at 
4?C storage. The shelf life was double that of control r samples. Similar results 
are shown for storage at 0°C. Controls spoiled at 12id at O^C compared to 10 d 
at 4*'C. Hbwever, the, difference in shelf life between controls ar^^^^ 
samples^ at both storage temperatures were similari- Sjime and ; putiid .off-pdors 
were noticed on control drums as early as 10 days at4°G and the average counts 
had risen above 10' ;per ml and spoilage was clearly evident in -the srnell of all 
control dmmsticks at this point in storage. In epntrast. RW treated chicken 
drumsticks had average counts below 10^ until 18 d storage at 4''e while those 
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treated with. RW and 6% BSC had shelf !rfe up to 21 d. Similarly, signs of spoilage 
did not appear until 21 d in RW treated samples stored at 0°C while the control 
spoiled in 13 d. RW treated drumsticks predipped in 6 % BSC hajd shelf life of 27 d 
at O°C. Although dipping in BSC concentrations greater than 6% showed higher 
log reduction just after RW ti^eatment : there appears to b no difference in the 
shelf life comp^redto those dipped in 6% (Figs. 1 A and B). ThuSi the optimum 
BSC concentration for the dip appears to be !S%. 

Verincation of optimum dip and efTeets^ fbllbwing^Jf^^ exposure: 

Figs. 2(A and 6). shows resulte of 6% BSC pre-dip, RW exposure and rapid 
chilling post RW exposure on log reduction and microbial prplifeisition during 
storage. As expected, the highest shelf life of 27 d (Fig. 2A) for th<s> RW/BSC and 
RW/BSC/PGIreated drumstieks stored at 0°C. This verifies previous results for the 
same treatments (Fig. 1A). The influence of quick chilling by dry ice post-RW 
treatment was not evident The curves; for the microbiaf population with storag 
; time werei very simila r with of without pos^^ 

of the same tfeatPrients (Fig. 2B> follow the same trend as for those at Q?^. Whil 
the control -saimple at 4 °C had spoiled by 1 0 days, the RW/RC sarilplesspoiled at 
^ 13 d and RW/BSC/PG samples were spoiled in 21 days. Rjost chilling did not 
enhance thd shelf lif^. (Table 3)s> 

Effect of skin condition influenced by sca/d temperaturB: PnoT to scalding and 
mechanical defeatherirtg. the skin surface is rough and; folded,- with thin comrfied 
cells in various stajges of exfoliation (Connor, et al. 1987); The: stratum comeum 
and stratuiTi genrninativum which constitute the epidennis are separated from 
underlying dermal tissue by a basal lamina (Matoltsy. 1969). After » sub-scald 
process (60°C), the entir-e epidermis is removed during defeathering and the 


82 


exposed dermal tissue provides a new surface for colonization by microorganisms 
(Thomas and McMeekin. 1980). Semi-scald (Sa^C); by comparison, do not 
facilitate removal of the epidermis. After scald/defeatheimg treatments, the skin 
surface retains a film of processing wateFj which invariably contains insoluble and 
soluble organic matter plus large numbers of bacteria (Thomas and McMeekin. 
1980). This filhii of water, which appears to play a central role in contamination, is 
initially derived from the scald tank and water applied during defeathering which 
usually is water reused from processes dowristream such as; chiller water overflow. 
Obviously, the lethal effect of water held at 60?C (sub-scald), would be 
considerably greater than that at 523€ (senii*scald). VVe observed 0# log less 
microorganisms on sub-scalded compared t# semi-scaldecl ^ drumsticks 
enurrierated by the rinse method (Table 4). However^ the difference was not 
observed in skin rnaceration method. The difference is due to the recovery method 
for surfacb microorganisms, since there would be no expected difference :in actual 
numbers. The film of water that contains most of the organi^n:JS p.ni the! surface 
origihateis from the water used to chill the carcassi The smallvdifferenc^ in TPC 
between the sub- and seimi-scalded druriistick wouJdvhave no effed on the shelf 
life in subsequent storage if no further treatments were applied. However, with 
BSC dip followed by RW treatrtients, there was a significant difference on the 
microbioldgical load of the sub-scalded and semi-spalded drumsticks and the 
changes in numbers during, storage. Figs. 3 (A and B) show the TPC - of semi- 
scalded as well ais subrscalded chickeri drumsticks enurnerated by rinse and skiri 
maceration rtiethods respectively. Interestingly, BSC dipped and RW treated 
drumsticksthat were sub-scalded had a shelf life of only 23 d compared to 29 d for 
semi-scalded drumsticks. Similariy, only RW treated subrscalded drumsticks had a 


shelf life of 21 d compared to; 25 d semirScaljEled drumstick^; But when we 
compare the control samples; sub^scalded drumsticks had a shelf lifc^ of 18 d vs. 
13 d for semi-s(alded drumsticks.; Radiant heat, appears to 1)6^^^ 
rhicroorganisms on - the sul>SGa|ded skin surface. It could be; due to the fact that 
during scalding removal or damage of the epidermal layer, ^)^ppses a new surface 
for cdhtaminatloii; which is smoother and less, hydfophpbiCi but is dee^ 
channeliedi Microorganisms firmly attached to these ehannejs^?(i^:-les^^^ to be 
affected by the radiafit heat This is forther .confirmed by. the fact that 
higher TPC were 6 

method for simiterly treated stib-^calded drumsticks^ A number of studies, 
including that of Avens aind Miller (197C0 and Lillard>(19g3) shqjfl^^ 
excision plus bliSnding resulted in higher bacterial recovery thaa those obtained by 
the rinse method. Bacteria, which can not be rinsed off* have been oonsidered 
firmly attached to meat or skin surfacesi It has been assumed that hlending and: 
stomaching results In as complete a recovery ofivattached bacten't as possible, 
whereai^' the rinse or swab method does not necessarily recover allkbiacteria on 
poultry Wssue (Nbternh^ r:-v-'--:^'^^:?:'^ky-^^'^:-'' 

/ V Assum retail, ; 

RW ti-eatment results iri improved microbiological quality andypotentially greater 
shelf Iif6 and safety for raw poultry partS; Adding a 6% BSC solution^dip before 
RW exposure greatly- increased th shelf life. Rapid chillingr of RW treated 
chicken drumsticks Was ineffective on microbial quality; The epidermis on the 
chicken skin plays a vital role on the keeping quality* In general, when 
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epidermis is left on the skin, the shelf life of RW treated; drunisticks was 
increased due to better exposure of microorganisms to radiant heat facilitating 
their destrubtion. 
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TABLE 1 -.Total bacterial populations (log w Cf^U/nit) recdvered from chicken 
' ' dnJmsticks dipped in various buffered sodium citrate solutions for 1 
min, exposed to a radiant wall at 788°C for 3 s arid held for 0, 3, 5, 10, 
13, 18.21. 23. 25. or 27 d at (TC. 


1 1 cairns ni, 
RSC/RW 

Mean'^ logio CPUs per ml of surface rinse 

L^oy 

0 

3 

L^o y 

5 

Dav 
10 

Diay 
13 

Day 
18 

Day 
21 

Day 
23 

Day 
25 

Day 
27 

0 % 

2-5 

2.7 

3.4 

4.5 

5.5 

7.0 ^ 

NT 

NT 

NT 

NT 

1 % 

2.1 

2 5 

3.3 

4.3 

5-3 

7.3° 

NT 

NT 

NT 

NT 

2% 

2.0 

2.4 

3.1 

4.1 

5-0 

6.1 

7.3° 

NT 

NT 

NT 

3% 

2.1 

2.3 

3.0 

3.9 

4.5 

4-9 

7.0° 

NT 

NT 

NT 

4% 

2.0 

2.1 

2.9 

3.6 

4.0 

4.3 

6.1 

7.1° 

NT 

NT 

5% 

1.4 

1.9 

2.5 

3.1 

3^9 

4.2 

5.5 

6.7 

jo° 

NT 


1,2 : 

1,5 

2.1 

2.9 

3.2 

3.9 

4.6 

5.8 

6.5 


.1% 

.1.0 

1.3 

2.0 

2.8 

3.3 

4!b 

4!6 

5.6 

6.3 

7^0° 

8 % 

ND 

1.1 

1.9' 

2.6 

3.1 

4.1 

4 5 ■"■ 

5.3 

6.1 

7.1 

9% 

ND 

1.0 

1.7 

2.7 

3.1 

4.0 

4.5 

5.2 

6,0 


10% 

ND 

ND 

1.4 

2.3 

2.9 

3-8 

4.2 

5.0 

5.8 

7.0 

Control 

4.0 

4.7 

5.1 

5.8 

7 0 

NT 

NT 

NT 

NT 

NT 


Number of bbseivatiGns per mean n = 6 
° - Italicized numbers indicate that spoilage levels have been reached 
NT- not tested 
ND- not detected 
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TABLE 2 .Total bacterial populations (logio CFU/ml) recovered fmm chicken 
(;fiymsticf<s dipped sodiurp citrate spjytions ^f^^ 

. min, exposed to a radiant wall at 788°C foj[ 3 s and held for 0, 3, 5, 10, 


BSC/RW 

Mean^ logio CPUs per ml of surface rinse 

Day 
G 

Day 

3 ■ 

Day 
5 

Day 

Day 
13 

Day 

■ W 

Day . 

ii 

Day 
23 

Day, 

isr 

Day 
27 

0% 

2.5 

3.2 

5.0 

6.3 ; 

7.0^- 

NT 

NT 

NT 

NT • 

NT 


2.1 ' 

3.2 

■ 4.6 

[6.1-- : . 

7.f « 

NT 

NT 

NT 

NT 

NT 

2 % 

2.0 

3:6 

4.7 . 

6.6" 

7.0^ 

NT 

NT 

NT • 

NT 

NT 

3 % 

2.1 

3.2 

4.5 

5.d 

7.6^ 

NT 

NT 

NT ' 

NT 

NT 


2.0 

3.1 

4.3 

5.i- 

6.3 ; 

7;4^ 

NT 

NT 

i:tST;;:.:: 

NT 


1.4 

f3;a.'-' 

.:4i;"' 

5.6 

6.1- 


NT 

NT 


NT 

6 % 

ii 

2.5 - 

3.7^ • 

4.6 

5.1 

6^3 - 

7.0? 

NT 

. 

NT 

7 % - 

i vd • 


3,5 

.:4>|:-t 

5.0- 

^ 6.i- , 


NT 

fJT..' 

NT 

6% 

ND 

v2.4---'v 

i-3.i'-'- 

4.6 

■5.3'.-':' 

..6;4--' 


NT ' 

NT 

NT 

^ % 


2.0 

3.0 

4.2 

5.0 

6 1 

6;r 

7.4^ 

NT 

NT 

■ io% 

Mb 

2.6 

2.9 

4.0 

:4.9i 

5.4/' 

•6.5-'. 

6.9 

7;2^ 

NT 

(>pntrol 

4.6 

5.2 

6.6 

7.8^ 

Nf 1 

NT- 

NT 

NT 

NT < 

NT 


— Number of observations per mean n = 6, ■ ; 
^ — Italicized numbers indicate that spoilage leyets haVe beeh reaclied 
NT- not tested .- ..^ ■ . ■ • .; 

ND-not detected 
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TABLE 3 .• Effect of postrlr^diant heat rapid chilling on the shelf life: of ch^^^ 

dnimsticks exposed to a mdiant waliat788^C for 3 s and stored at 0 
■ and 4^C. • .^^--j'-'^'f'''.,-^.' 

~ ■ ~^ Shelf life (days) ; 

Treatment Chilling No Chilling:; 

Control NT : ""S 

RW 18 18 ; 

. BSC/RW^ ; ■■ ■\;?' -''-27^' .2^r;;v:j-;g,.-^ 

Control. ....rsrr,- ; ■ -'lo^r 

- .RW. .. " t3 ■' 13:^.:;.^.•■■■■■■■^... 

BSC/RW 21 21 :; 


NT- hot tested ' ; . 

RW- treated only by radiant heat : o;^^^^^ 

BSCyR^ * dipped In ^% buffered isodiunri Cityate fbr 1 mih sihd ^iiposed^^t^^ RW 
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: TABLE 4 iTotar bacterial populaU^^ SE) fBc6v0red by whole 

f v . dmmsUck rinse method arid skin^m chicken 

drumsticks processed at two different scalding temperatures (52 and 
60PC) and exposed to a radiant wall (RW) at JSff'C with or without a 
predip in 6% bufTered sodium citrate (BSC) solution. 


Samples" 

TPC** Rinse Method 

TPC'' Mgperation method 

Log CFU/cm^ 

Log iReduction 

Log CFU/cm^ 

Log reduction 

A 

4.3 ±0.1 


3.8 ±0.1 


A1 

1.6 ±0.2 

2.7 ±0.3'^ 

1 8 ±0.1 

2;Q ±0.2® 

A2 

1.4 ±0.1 

2.9 ±0.2^ 

1.3 ±0.2 

2.5 ±0.3*^ 

B 

3.7 ±0.2 


3^9 ±0.1 


B1 

1.9 ±0.3 

1.8 ±0.5^ 

2.4 ±0.1 

1.5 ±0.2° 

B2 

1.7 ±0.2 

2.0 ±0,4^ 

1.7 ±0.1 

2.2 ±0.2^ 


A - semi-scald (52*0) , control ' ..... ^ ■.. ,.::.■..■:■^ ■::/,\■ 

A^ - semi-scald, treated only by radiant Heiait 
A2 r serniTSc^l^v 1-min dip; 
B - sub-scaid (60^C) , control 

B1 - sub-scald, treated only by radiant heat 

B2 - sub-scald, i-min dip in BSC and then treated by radiant heat 

" Mean ± SE. Means within columns followed by the same letters are not 

significantly different ( P < 0.05 ). n = 6 
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FIGURE 1 : Effect of dipping for 1 min in various concentratiorts of l)ijffered 
sodium citrate (BSC) solution on the shelf life of chicten drurhsticks prior to 
exposure to a radiant wall at 788*C for 3 s and storage at O^C (Graph Ajl arid at 
4*'C (Graph B). Number of observations n=6. i :; ;^ 
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FIGURE 2 : Effect of post-radiant heat rapid chilling on the growth characteristics 
of surface microorganisms of chicken drurinsticks exposed to a radiant wall iat 
TSS^C for 3 s with or without a 1-min dip in 6 % BSC and storage at 0°C (Graph 
A) and at 4°C (Graph B). Various treatments are : control; RW treatment 
with no post-chilling; -4t RW treatment followed by rapid post-chilling; -•- dip in 
BSC followed by RW with no pbst-chillihgj; and dip in BSC followed by RW 
with rapid post-chillih^. Number of observations n=6. 



0 6 12 16 24 30 



0 6 12 18 24 


Storage Time ( days ) 
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FIGURE 3 : Effect scalding temperatures on the growth characteristics of surface 
microorganisms of chicken drumsticks exposed to a radiant wall at 788°C for 3 s 
with or without a 1-min dip in 6 % BSC and stored; ^t 0°C as enumerated by 
whole drumsticks ri^s^ method (Graph A) and skin maceration method (Graph 
B). Samples are: A - serrw^fcald (52°C) , octroi; A-l - sifni-scald; treated only 
by radiant heat; A2 - semi-scald. I^miri dip in i^C and then treated by radiant 
heat; B - sub-scald (SO'C) . control; B1 -iubs^s<^ld, treat^<^ only by radiant hegt; 
B2 - sub-scaW, t-min ^lip in^BSC and th^n tre^ 
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CHAPTER 5 


REDUCTION OF SALMONELLA AND CAMPYLOBACTER ON FRESH 
CHICKEN DRUMStlCKS BY TF^EATMENT IN A f^DIANT WALL OVEN 


^Islam, M. M., and Toledo. R. T. To be submitted to the Journal of Food Science. 
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ABSTRACT 

No viable CFU of a nalidixic acid-resistant Sa/mone//a (yp/i/muw 
typhimurium ^)were recovered frorri chicken drumsticks inoculated with 10O 
CFU and exposed 3 s to a radiant wall (RW) at 788"C. There was no recovery 
from heat injury after 3 d of refrigerated storage at 4*'C. Howeveo viable CFU 
was detected when 1,000 CFU was inoculated and exposed to RW only. The 
1,000 CFU inoculum showed no CFU recovery when drumsticks were dipped in 
a 6% solution of buffered sodium citrate, pH 5.8 (BSC) prior to RW exposure. No 
viable CFU of Campylobacter jejuni were detected on raw chicken drumsticks 
inoculated with 1,000 CFU and exposed to RW. Viable CFU was recovered from 
a 10,000 CFU inoculum. Challenge studies with iarge inoculum of each 
pathogen gave log reductions of 0.79. 1,73 and 2.32 for S. typhimuriunf*^ on 
fresh chicken drumsticks treated respectively with only BSC, only RW and 
combined BSC/RW. Similar treatments on Campy/obacter ye/un/ yielded 1.45, 
2.41, and 3.36 log reduction respectively. 

KEYWORDS : Salmonella^ Campylobacter, pouttry, radlarit heat, bufferied 
sodium citriate, pasteurization, 
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INTRODUCTION 

Increased consumption of poultry products in the USA has resulted in 
indrfesiseis in food borhe illnesses associated with poultry. Pathogenic; bacteria 
associated with poultry include: Sa/mone//a spp. (Bryant; 1980), L/sfenar 
monocytogenes ( Brackett^ 1988); Staphylococcus aureus { Bergdoll, 1989), and 
Campylobacter jejuni ( Stem, e^al., 1985): Among these microorganisms, 
SalmoneUa spp. and Campy/ofiacfer spp. are responsible for most poultry food- 
transmitted illnessfes (Mulder and Bolder, 1934)- Potiltry associated diseases are 
major btirdehs on society causing considerjable suffering arid Ipss of prpductivi^^ 
and adds to the cost of food production and? health' cpre (^ryan;a^^^ Dpyiev 1994). 
Among diseases acquired by ingesting undercooked or recotitaminated poultry, 
salmonellosis and campylobacteriosis are, of primary contemporairyi cPncem in 
the United States. Risks of acquiring thfese diseases are greatly influence by the 
prevalence of Salmonella spp. and C. jejuni m^pw^ and; subsequently i^^ 
products. Dubert (1988) estimated that 35 % pf chicken carcasses in the United 
States, a;e contamihated with Sa/mone/Za. and an average pf. 62 f4 by jejuni 
(Biysan- and Doyle, 1994). Proper handling andvcooking can adequatiely eliminate 
most risk from these pathogens on poultry iCTh^yer, et al., 1 992). Consumer 
; complaintsii.and; publicity have ; increased the ^^ed:. fpr higher stand;ards of 
bacterial : quality in poultry products (Shane,^^ -1^ '^^5''?^^' ^ State 
governments and poultry Industry representatives are interested; in ^educing 
numbers of pathogens on poultry to reduce risk, of food borne illiiip^ses ( Sams 
and Feria. 1991). 
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The relatively high incidence of these diseases will continue unless some 
. . means is devised and implemented that will eHher eliminate; these bacteria from 
pQultryv or drastically reduce thieir c0nt9minati(oni;(Biyari & Doyle, |994)i During 
processing: even in sanitary modeHi processingi plants, salmQriellae and 
Gdmpylo^acters are present on poultry throughput the proo^ssi'ng steps, 
^caiding, defedthering, evisceration dtid gij^Iet harviestingi dp^^srations are the 
major points 0f transfer of micrporganismsv Miany studies ,hipii!«e shpwn that 
Salrhpneitsi spp* and Campylobactm spp* attach^fd to ppultiVitc^ can 
survived immPrsion in 52 td«60 r'^C: scald water (Kim efe al., 1993;? Mpm'sdn and 
Beet, 1985; Slavik et^alx, 1994). These pathogens can s t6 
non^^ohtiarnrnated carcasses during defeathering" and ehillihg (ClbosPr et aL 
:t995, eiouser et al. 1995b). Often, greater numbers of processed Parcasses and 
paiis beconte:contamihatPd than-thpri^^ infected oFtUDntaniinatedUive^anim 
cbriiihg to slaughtier: Unless poultry is heat prpcessed bf giv6n an^other^^ 
tp kill pathpgens, additional removalf preventiori and control procedures are 
hefeded to reduce th6 risk of poultry bbirie disease:'There is an immediate neied 
f(6r 'icost^ffecth^e a reduce the prevalerifce of Sa/flidy»e//a*spp; and C. 

ye/an/ bh poiiltryi CbSfe for effective measures thsit will reduPe,? prievent or 
ieliniihate these piathPgerts shpuld be substantially lower than this estimated ppsts 
tP Society due to pPtiltry-reiated hunriah diseases! Moreov^ri ^these> measures can 
encourage niore poultry prbducts consumption by r^dudng -thei CGhSume^^ 
concerii aboutthe safety of poultry. 
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. A nurtiber of control points for salmohellae aiid t^mpylbbactisrs are 
available to the broiler industry during live jjroductidn^ iriclU^^ 
salmonfella-free feied, bio^securrty, and dust and vector control ( Jones; et al, 
1990). Mbwever, the ultimate control points are in the islaughtering land dressing 
operations . which has been the primary target in the irhpleiiiehtation of the 
Hazard Analysis Critical Control Point (HACCP) program (Tompkin, 1990). 
Elimination of gram-negative food borne pathogens, including Safmonelta spp. 
and Campylobacter spp. at the production level is cuitei^tly hot f . 
Therefoiie, an intervention step to substantially reduce or elimihate them during 
processing is desperately needed to ensure the safety of raw^ahimal . products^ 

With respect to techniques for; the inactivatioii pfi micfb organisms in 
foods; the most widely accepted has been thenual prbcessihgi A 
outcome of a heat treatment is Elimination of pathogens with minimal >dsimage to 
product quality. This is being pursued in two, often eorriplernentaryi ways. Firstly 
by the application of high temperature-shGrt>^iroe processing and; protectively 
pacKaging the treated carcasses to prevent recontamiriatiort^ Secdndly,^ by 
delivering heat in new ways. Very rapid surface heating for a; short time is 
thought to be an effective method in reducing salmonellae and Campylobacters 
on the surface of the chicken. To achieve this we used[ , radiant energy from a 
high .terriperature radiant wall (RW), to taise the Surface, temperature to levels 
lethal to bacteria within a: very short time and combining this treatment with an 
antimicrobial dip. Reduction or elimination of these pathogens on poultry 
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carcasses before the retail product reaches^^ the risk 

of food borne salnipnellosis and campylobact^nosis. 

The purpose of this study was to evaluate the effects of RW exposure with 
or without a pre<lip in buffered sodium citrate, pH 5.8, on the survival of S. 
typbimyriurn*^ and Q. Jejuni inoculated on the skin of chicken drumsticks. 

imTERmANB MEIH©D^^ 

Chickefijdnjmsticks 

Tray-packed chicken tlrUmsti^^ meat 
^display casejOf local supermarket 1-2ih before therftteatmentSi^^^i^ brand 
name 0|the product was rioted and subsequent purchases for^lafer experiments 
were of the ^ame brands AH tray packS; of the drurnsticks used were^^s 
with a "sell by" date which was at least 1 0 days later than the date of purchase. 
Drumsticks were used direct tray pack. Enough 

drumsticks; were purchased at one time t treatments at 5 levels of 

inoculation of one organism. Each ti-eatment and Inoculum level consisted of 10 

drumsticks, ^n;; -vv::^;-.; , ^a■v ■ v.;:,v;^ ■ . : • v'. ■i-.^^-f-i 

Drumsticks were inoculated individually vvifh either of two grain negative 
pathogehic bacteria Sa/m6ne//a (^^ 

levels were 0» 10, 100, 1.000 arid 10,000 cells. VVhen an a^^^^^ dip 
treatment was used, the drumsticks were dipped first in the solution- allowed to 
drain for one minute before they were inoculated. The following treatments were 
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used: Control ; 3 s exfDOSure to RW at 778 °C (RW); dipped in a eyvsolution of 
Buffered sodium citrate, pH 5.8 (BSC) with h6 subsequent treatirientv and ; pre- 
dipped in BSC followed by R>/V exposure (BSC/RW). 

Test organisms 

Salmonella typhimunum: A nalidixic acid-resistant strain of Salmonella 
typhimurium (S. typhimunum^) obtained from the culture collection of Dr. Mark 
Harrison, Food Science and Technology Department, University of Georgia, 
Athens, was used. This organism's resistance to 200 ppm nalidixic acid was 
used to verify that the recovered CPUs were from the inoculum. An 18 h actively 
growing culture (mid-log phase of growth) on Brain Heart Infusion (BHI) agar 
(Difco Laboratories, Detroit. Ml) slants at 37°C was washed off the slant with 
sterile 0.1% peptone solution (Difco). The suspension was diluted with sterile 
0.1% peptone to an optical density of 0.2 at 540 nm, (Spectronic 20 , Bausch and 
Lomb) to give a S. typhimurium^^ population density of approximately 10^ to 10® 
CFU/ml. Serial dilutions from this stock suspension were made to get desired 
Inoculation levels. The actual number in the inoculum was detenriined by pour 
plating in triplicate, 0.1 ml of the dilution used as a source of the inociilum oh BHI 
plates and counting CPU after 24 h incubation at 37"'C. 

Campylobacter jejuni: Cultures of Campylobacter jejuni (ATCC 29428) 
were also obtained from Dr. Marie Harrison. Inocula were prepared as described 
above except that C. jejuni was grown in brucella broth (Difco) at 42°C under a 
microaerophilic atmosphere. Number of organisms in appropriate dilutions of the 


inpculum was detemnined by foptical densfty mMS as s^bpye, a 

verified by surface plating^ Poputetions of p. Jejuni, were det^rmjnedHbSf directly 
plating the samples on? (^^^ me^ii$ (m 

CCDA-Preston with cefoperazone and amphotericin selective supplement; 
Oxoid, England, CM739+SR1 55). The plates were incubatecl iri^h' atmosphere 
consisting of 10% C62 , 85% N2 and 5% O2 for 46 h 31 4l*b. lTle appearance of 
colonies on the petri plates was used to verify that the CPU Was C. Jejuni. 
Typical colonies of this strain were gray, moist, flat, and spreading. Smears from 
a typical colony were examined microscopically for further confirmationf^^^^^^^^^^^^^^ :. 
Inoculation and recovery 

A marked area of skin 5.1 x 5.1 cm^ was inoculated with the appropriately 
diluted inoculum by depositing a 100 jiL volume with a micropipette and 
spreading this droplet evenly over the marked area with a sterile L-shaped glaiss. 
rod. Following inoculation, the samples were held under a laminair-^ow hood for 
15 minutes to allow adsorption and attachment of the test qr^ariisrn. The 
drunisticks subjected to the RWand BSC/RW treatments were then immediately 
exposed to the RW. Surv'wing cells of either organiism were recovered from th6 
skin using skin maceration procedure. In the skin maceration technique, each 
marked skin area was aseptically cut and the piece was honiogenized in a stenle 
stomacher bag with 100 ml of sterilized 6.1% peptone water ih a Stomacher 400 
lab blender (Seward Medical, London) for 60 sec. Serial diiutiohs of the 
homogenate were made with sterile peptone water (0.1%). 


Viable S. fypto enumerated using dupl^^^ 

plate of Bismuth Sulfate agar (Drfco Laboratories) supplemented with 200 ppm 
rialidixic 3c:id^ (1 -Ethyl-i;4-^ihydro-7-methyM-oxo-1 ,8-hapthyridin^3-carboxylic 
acid; Sigma Ghemical^^ St Louis, MO)^ Plates were incubated at 37**G for 48 h. 
Typical colonies of S. typhimonum^ Were brown or gray wfth a meta^^^ 
The media sunroundirtg the Gc>l&ny was usually brown at ^rst. then turrifed black 
as the intub^tibn increased: RecGV^^^^ S, typhimunuiri^^ were 
reported as logio survivoris per cm^w 

YiBble €. jejuni cells Were reqbvered using the sa^ 
excision and maceration in a Stomacher, as above, except that the-m^^^^ 
pr0cedurexised for enunrieration is a&describedv^^ 
General statistics ' ' - •■'■■r--^-}^^^^^^^^^^ 

^ ^ ^ Bacteriahpopulatibns were^^<^ to. Ipgio prior to statistical analysis. 

Significant differences between treatrnent mean populations we^^ 
comparing each mean pair using the Student's t-tqst at i?< 0^5. w c v ? 

- FIESULTS AND DISCUSSION 

■ I ^ TTiere Hais been ho previous work dn the combined effect 6f intens 
radiarit heat and decbntaminatie afnirrtal tarcasses (USDA. 1994)i Qu^ results 
demonstrated that the combined BSG/RW treatments exhibited significant 
synergistic interaction of these two microbiocidal treatments to amplify t^^ 
of inactivation of inoculated pathogenSi 


107 


: Table 1 shows the log CFU of inoculated (xp/i/m(ynL^^^ and C. jejuni 
repdyered frpm control and treated chicken drunisticks . With inocula small r 
than 100 c»lls, there appears to be..^ probleni with recpvering the specified 
inoculum from the untreated inoculated surface. For example only 66% of 
control samples inoculated with an estimated 10 CFU of S. typhimun'um was 
positive for this organism. This may be explained by the statistieal probability of 
obtaining exactly the nurnber of desired organisms when sampling frorn a very 
dilute solution. For example, when we took 6 -100 jiL aliquots fiFom a suspension 
supposed to contain 100 CFU/mli thei actual counts from the aliquots obtained by 
plating werfe 11, 10, and 6 and 5; 9v and 1.3 . Actual recovery .from the skin 
surfabe . may not be 100% therefore .Introducing numerous numbers were 
necesisary. 

oAlso shown in Table 1 is the effect of drfferent RWO treatments on S. 
typhirhurium'^ and C jejuni Inoculated at different inoculum level. Qruhisticks 
inoculated With either 10 or 100 eFU/drunristick exhibite no viable eFU of S. 
typhimurium after RW treatment However, the same treatment on drumsticks 
inoculated with 1,000 GFU exhIbltedv viable iS: typhimurium. The combined 
BSCZRW treatment showied no recovered suiyivors> frorn 1,000 CFU inoculum but 
there were survivors from 1 0,000 CFU inoculum. ; RW and BSC/RW treatments 
sho\Ned na^ Campylobacter jejuni survivor recovery up to IjOOO CFU inoculum 
but both treatments showed survivors when inoculum was 10,000 GFU. The 
BSC dip by itself had negligible microbiocidal effect 
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Survivors r^cbvered from an inbciilum dbbut 100 Of 13 of S. typhimurium 
decreased sighifieantly as the radiarit wall temperature (Table 2) for th same 
exposure time of 3 s. No recovered GI^U of a /)fl3/)/OT(>wm were found bri 
drumsticks ireated at 788«G; Nombei^ of recover^ 
aftfer treafmeht and after 3 days 4*6 were hot sijghifitantly differe^^^^^ 
negative bacteria possess a very thin peptidbglycari layier policy; et m 
which may offer TrttliB protectibrt aigainst internal turgor firei^stJre When the 
cytoplasmic membrane is weakened by high tempierature (Mehdbnca et al., 
1 994) ■ The fluidity of the cytoplasmic membrane is largely a reflfeBtion of 
membrane lipid composHion (Beuchat. 1978). Katsui et ali (1 981) suggested that 
the charige in the fluidity Of membrane lipids might be linked with heat resistance 
of bacteria. Bowler et all (1 973) suggested that the central cause of; cellular h at 
injury is the dismption of the membrane lipoprotein corfiplefxes or; ehzyrTies» 
associated with the integrity of the cell membrane. ■ . - •■''{^■^■■^'^■^^^ 

The combined BSG/RW treatment- had an synergi^tit?^;; efftect on 
salmonellae and Campylobacters. Table 3 shows the effect of different treatments 
on these pathogens. The analysis showed a consistent statistically significant 
difference between the control group and the three treatment, groups, Neither of 
the individual RW or BSC treatments achieved a high degree of pathogen 
reduction, but when the treatments were combined, th^ effects v Vvere more 
notable. The reductions were 2.32 log for S. typhimupum*!^ f^^ for 
Campylobacter jejuni xespe^weVf. Relating this to risk, If we assume, in the worst 
case, that 70% of chickens in supemiari^ets are contaminated wHh salmonellae 
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and their numbers on chicken drumsticks follows a Polsspn distribution, then the 
most probable number of salmonellae per drumsticks is Ln l OOrn^; Ln 30 = 1.204 
and the probability of no SalmqneUa qn a drumstick is p 5 0.30. If 
decoritamination treatment reduced thes; number pf Sg/mone/Za 100 foldi the most 
prob$b\e nurriber; becomes 0.01204 and the probability of no. Safmpnel/a on a 
qhicken becpme^ 0.988. Supposing that an ayj^jrajg^ %rnjj^ buy$ q^e pack of 
chicken drunnstipks a week and assuming a. binpmlf I .§amglihg dist^ with P 
= 0,988 for s^leGting a contamfnant pack, yve h^ye ,p = 1 - {(52 J/ 0 I 52 !) 
0s9!88^3 =? 0i4€6 or nearly a 50 % chance that in 1 ye^r pf week|y;pLurGhase, at 
least one of tfie purehases^ w^^^^ (1979) 
feiported tbat the^ lowest dose of several species of S^//rJooe//a producing a 
v cirhical response in healthy adult - humans wa;s tQ,*: CFU. As ouf: studies noted 
above, a ^W0i treatment of 788°G for 3 sec would be expected to reduce the 
population of S. typhimurium**^/crni^ by 2.32 logs. Thus a population of 1,000 S. 
fj^p/)/Vrta/7lti/ii'^ dfecrease to apjirbximately less than 500 cells, well 

b6to# the ^ estimated infectious dose; and? a very large amount of raw RWO 
tfeat^d cllibkeh W&uld l)6 necessary fdr ^n infectious dose to a^ heal^^ adult 
Further, # has bi^fen derhoHstratied that tieSt-injured Sa/mone/Za: are rntich more 
Sensitive td ■ the effects of Cdokihg than hoh heat%in]tjred> organism; We thus 
concluded that^ treating chitkeh drumsticks in RWO at 788**C for 3 sec should 
pirovide sighificiarit prGtection against the presence^'-G Graril -hegatiy 

pathogens. ■ 
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It could be argued that the presented data are valid for challenge test with 
the organisms and would not reliably indicate the destruction of natural 
contaminants of these pathoi^ens. To investigate this possibility 10 "pairs" of 
refngerated chicken drumsticks were randomly purchased at local retail outlets, 
bne member of eiach pair was directly examined for its level of salmoneltae. 
While the other member was similarly examined but aftier BSC/RW treatment 
The results are presented in Table 4. The mean salmonella count of the 10; 
untreated samples was 356 cells/dfurnsticks with a range of 0 to 3550 
cells/drumsticks. The mean count of 10 treated carcasses was 13 
cells/drumsticks with a range, of 0 to ,97 cells/drumsticks. 8 of the untreated 
samples wiere positive for salmonella contamination whereas only 3 of th6 
treated samples Were positive. Thus it Wais shown that BSC/RW treiatment is ajisc 
effective against natural contaminarits of salmonellae. 

CONCLUSION 

A combination of radiant heat, and bMfrered sodiynri citrate,; pH 5.8, 
significahtly reduced or eliminated Gramrnegative pathogens on chicken skin 
without causing a departure- bfsippearartic^ froW The treatment 

was effective for inoculum levels up to 1 ,000 CFU for both S. typhimutium and C. 
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TABLE 1. Recovery of S. typhimuriunn^ and Campylobacter jejuni moculaXed 
on chicken drumsticks and exposed 3 s to a radiant wall (RW) at 788°C with or 
without pretreatment with l-miii dip iri 6% buffered sodium citrate (BSC). 


Organism 

inoculum 
(cell) 

Control 

BSC 

RW 

BSC/RW 


0 

• 


ND 

ND 


10 

U.alO 

* 



* 

Salmonella 

too 


1 ,oo 


• ♦ 


1,000 

2.91 

2.33 

0:77 



10,000 

3.94 

3.77 

1.76 

1.55 


0 

ND 

ND 

ND 

ND 


10 

ND 

ND 

ND 

ND 

C. jejuni 

100 

2.01 

1.23 




1,000 

2.98 

2.69 

* 



10,000 

3.87 

3.80 

1.48 

z 

0.93 


'^Bacterial count is expressed as Idgio of numbers per cm'' 
^ ND- not done 
^ *-- hot detected' 
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typhimuriujrf^ ) inoculated qo skl^^^ 


1 00 CFU and exposed to different RW temperature. 


RWt ("C) 

Days 0 storage at 4'*C 

tJays 3 $tdrage at 4''e 

Replicate 

Total 

Replicate 

Total 

1 

2 

I.'"""' 

2 

649 

10/10' 

9/10 

19A26 

10/10 

10/10 

20/20 

704 

7/10 

5/10 


8/10 

7/10 

15/20 

788 

0/10 

0/10 

6/20 

6/10 

^- -^o/titi;-'.'-'- 

'■';J,,p/2p. ■ 


^ First number in body of table represents number of drumsUcKs. showing positiv 
for S. typhimuriunf*^ ; e.g.: 10/10 indicates 10 drumsticks confirmed as positive 
for S. typhimuriumf^ out of 1 0 drumsticks 
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TABLE 3: . Cbrhparisbn of tecovety of ^: typHimuriuh^ 
jejuni inociiiated on chicken drumsticks and exposed 3 s to a radiant wall (RW) 
at 788°C with or without pretreatment with 1 -mm dip in 6% buffered sodium 
citrate (BSG). 


Treatments 

Log ©bunts (mean ±SE)'* 

Salmonella typhimurium 

CarnpylobiaGter jejuni 

Control 

7.22 ±0.11* 

7.41 ±0.23' 

BSC 

6.43 ±0.51° 

5.96 ±0.44° 

RW 

5.49 ±0.32'' 

5.00±0.12^ 

BSC/RW 

4.90±0.15'' 

4.05 ±0.05° 


"Mean values in the same column within the same microorganism that are riot 
followed by the sameietter are significantly differprrt 


TABLE 4 : : Effect o|^: RyV . treatrnent on:, the actual nurnbeP of incjigenbus 
Satrnonella on chicken dnjm^tipks skin.^^Q^^^^ vyere recQvered using; the rih^ 


,i : method pn whple drumsticks. 



Sample number 

? Cdrttroi (No treatment) 





2 

14 



0 

" ■■■■■ • :o:v -v.;- .• 



•■■•■...■26 ■. ■•.•:. :,;,, 






.■.■97.:--- ■-■ 

7 


■^"•' . ;'- v7r.--- ■ • . 

8 

6 

o;;.-v ... ■ 

9 

11 

0 

10 

0 



' CHAPTERS ■■r>--::^Yy- ' 

CONCLUSIONS ' 

Radiant heat from a high temperature radiant wall induced microbicidal 
effects on surfaces of whole broilers without cooking the surface. An exposure for 
5 s at 649'C with a 1-min dip in 1% buffered sodium citrate solution induced 
more than 1.5 log reduction in TPC. Assuming proper refngeratipn is 
maintained during distribution and retail, RW treatment results in improved 
microbiological quality and potentially greater shelf-life and safety for raw 
poultry parts. Adding a 6% BSC solution dip before RW exposure for only 3 s at 
ySS^C greatly increased the shelf life. Quick chilling of RW treated chicken 
drumsticks was ineffective on microbial quality. The epidermis on the chicken 
skin plays a vital role on the keeping quality. In general, when epidermis is left 
on the skin, the shelf life of RW treated drumsticks was increased due to better 
exposure of microorganisms to radiant heat facilitating their destruction, ^^arn 
combination of radiant heat and buffered sodium Citrate, pH 5.8, significantly 
redubed or eliminated Grarii-negative pathogens on chicken skin without causing 
a departure of appearance from the raw product. The treatment was effective for 
inoculum levels up to 1,000 CFU for both S. typhimurium and Campylobacter 
Jejuni 

Application of radiant heat as a microbiological decontamination process 
for raw poultry has {produced 1 - 3 log reductions of indigenous microflora and 
inoculated pathogens without inducing manifestation of cooking in the products. 
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Treatments which reduce salmonellae levels by 2 log units should be effectiv in 
controlling this pathogens, because salmonellae levels on broiler carcasses are 
typically < 100 CFU per carcass. Against Salmonella typhimunum and 
Campylobacter Jejuni, our process reduced these pathogens to no recoverabi 
CFU from inocula of 1 ,000 CPU. Our main objective of extending the shelf life of 
raw poultry was achieved, the shelf life of RW treated poultry was double thos 
of controls. 

Buffered sodium citrate (BSC) was effective in increasing the lethalrty of 
the radiant heat treatment, but does not have the lethal effects necessary for it to 
be a primary means of food preservation. BSC was a contributor to the "hurdle" 
approach to food preservatiori and food safety. Resistance of a food product to 
growth or survival of spoilage or pathogenic microorganisms is determined by the 
number of intrinsic (e.g., heat treatment) and extrinsic (e.g., storage temperature) 
"bamers" which act as "hurdles" for microorganisms to overcome. The more 
hurdles or barriers, the more difficult it becomes for a target microorganism to 
grow or survive. In contrast to biostatic barriers which simply inhibit the growth of 
contaminating microbes (e. g. modified atmosphere packaging), BSC can serv 
as a bactericidal bamer helping to reduce the levels of potential spoilage or 
pathogenic microorganisms. Our studies indicate that BSC combined with radiant 
heat was effective for fresh poultry pasteurization to increase microbial lethality of 
a heat treatment thus enhancing the safety and shelf life of refrigerated poultry 
products. 
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• . ; • APPENDIX 

INFRARED TEMPERATURE MEASUREMENT ON CHICKEN DRUMSTICKS 

\ . SUMMARY 

infrared temperature measuring devices are highly developed sensors for 
non-contac^^ temperature measurement and have widespread application in 
industrial proces|5ing and research. This essay describes in non^mathemattcai 
tenrn the theory upon which the measurement technology is based and Its 
application in our process. ThemnaCAM (Model PM 280, Inframetrics. inc.). a 
palm-size focal plane array (FPA) radiometer with full-screen ternperature 
measurement and built-in image storage and analysis capabilities, yvas usied to 
measure the surface temperatures of chicken drumsticks exposed 3 s to a 
radiant wall (R\AO at 788X (1450"^ Emissivity of the chicken drumsticks with 
skin was determined to be 0.93 and tha^pf skinless drumstick was 0.90. The 
mean surface temperature of chicken drumsficks (skin on) was increased in 3 s 
from 51.9 to 218.4**F. Even 10 s after the treatment, whole surface area of the 
drumsticks had temperature of IBO^F or niore.' Sifnilar treatment of skinless 
drumsticks could achieve an average temperature of only lei.l'F with only 50 % 
ofthe area had temperature of leo^F or more. ' 


INTRODUeTIQN 
Etectromagnetic waves traveling through spa^ 
suitable surface and absorbed, raising? the energy level of the intercepting 
surface; When the electromagnetic waves have the firequenqf of light the 
phenomenon is referred to as radiation (Tojedo, 1991). /Ml mater^^ 
temperatures higher than absolute zero (0" Kelvin) emit energy in proportion to 
the fourth power of their temperature. Hotter matter releases more energy than 
cooler matter. Like convection, radiant heat transfer is a surface phenomenon 
and the conditions at the surface determine the rate of heat transiferip Radiant 
heat transfer generally involves the" i^ange of ele0rornagnetiei wayes 
infrared radiation. An infrared thermometer me^sure^ temperature^^^^^b^^ 
the infrared energy emitted by materialsi The most basic design consists of a 
lens to focus the infrared (IR) energy on to a detector; which cdnvertsi;, the energy 
to an electrical signal that can be displayed in units of temperature after being 
compensated for ambient tenrtperature variatiorii This cpnfiguratiofj , facilitate^ 
temperature measurement froni a distance without contact wit^ the object to be 
measured. As such, the infrared thermometer is useful fpr^ measurihg 
temperature under circumstances where thermoepuples or other probe type 
sensors cannot be used or do not produce accurate data fqr a variety pf 
Some of the typical circumstances are. wh^re the object to be ; measiJred is 
moving; where the object is surrounded by an EM: fields as in inductipr> heating; 
where the object is contained in a vacuum or other controlled atmospheFe; or in 
applications where a fast response is- required. Designs /or. an infrared 
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thermometer (IRT) have existed since at least the late nineteenth century, and 
Darling (1911) discussed various concepts. Howeyer, it was not until the 1930's 
that the technology was available to tum these concepts into practical measuring 
instruments. Since that time there has been considerable evolution in the design 
and a large artiount of measurement and application expertise has accrued. At 
the present time, the technique is well accepted and is widely used in industry 
and in research. 

Me^summehtPhnciptes 

^ Infrared radiatiort is part of the Electrorhagoietic Spectrum vand^^^^ 
freqtJencifes betweien visible light and radio waves. The IR piart of the^ spectrum 
spans wavelengths from 0.7 micrometers to 1000 micrometers (microns) as 
shown in Figure 1 . Within this wave band; only frequencies of 0.7 microns to 20 
mfcrons are used for practical, everyday temperature measumment T^ is 
because the I R detectors currently available to industry are not sensitive enough 
to detect th6 very small amounts of energy available at wavelengths beyond 20 

i TTii^ugh lR radiation i^ to the human eye, it is helpful to imagine 

it as being visible when dealing with the principles of measurement and when 
cdnsidering applications, because in many respects it behaves in the same way 
as viisibfe light. IR eriergy travels in straight lines from the source and can be 
refliected and absorbed by material surfaces in its path. In the case of most solid 
objects, which are opaque to the human eye. part of the IR energy striking the 


ohjetit surface will be absbrbed and pairt win be refl^eted^ Of the eneifgy absbrbed 
by the object, a proportion will be re-erhrtted and part yvill be reflected Ihtemally. 
This will also apply to rrtaterials, which are transpareht to the eye, such as glass^ 
■gases and thin; clear plastic^, butrin additiori, some of the IR fenergy will also 
pass through the object (Rgliire! 2)i These phenomena collectively contribute to 
what is referred to as the 6m/is/v«fy of the object or material. 

Materials which do not reflect or transmit any IR enerigy are know as 
Blackbodies and are not known to exist naturally. However, for the purpose of 
theoretical calculation, a true blackbody is given a value of 1.0. The closed 
approximatiori to a blackbbdy emissivity of 1;0, which can be achieved in real Irfie 
Is an IR opaque; spherical eiavity with a small tubular entry (Figure 3)* The inner 
surface of slich a sphere will' have an emissivity Of 0.998, Different kinds of 
materials and gases haive different emisslvitiesiiiand- w at 
different iriterisities for a given temperature^ The emissivity of a material or gas ts 
a function of its molecular structure and surface eharacteriSticSv It fe^^ 
a function of color unless the source of the color is a radically drfferenl substance 
to the main body of meteriaL A practical example of this is metallic painte, which 
incorporate significant amounts; of aluminum. Most, paints :have the same 
emissivity irrespective of color, but aluminum has^ a very drffererit erhissivity^ 
which will therefore modify the emissivity -of rnetallized ipalnts. 

Just as . is the case with visible lighti the more highly polis 
surfaces are, the more IR energy the surface will reflect The surface 
characteristics of a material will therefore; also influence its emissivity. In 
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temperature measurement this is most significant in the case of infrared opaque 
rngterials which have an inherently low emissivrty. Thus a highly polished piece 
of stainless steel wil^h^ emissjvity than the same piece with a 

rough, machined surface. This is because the grooves created by the machining 
prevent as much of the I R energy from being reflected. In addition to molecular 
structure and surface condition, a third factor affecting the appareri^ ^missiv'ity of 
a material or gas is the wavelength ^sensitivity of the sensor, known as th 
senspr^s spectral responsei 

Tliepretieal BasiS^^ . v . ^ >q . 

: The fpnriulas upoh'^^W^ is:hased are 

oldv established and weir proven. It is unlikely .that m IRT user^ will need to 
make use of the formulas, but know prpvide arv^aippreciation of 

thejnterdependehey^^o^ clarify.vth^e^^^^^^ text 

The importarit fonin ^ i ■■^■--^■^y^: '^ 

;4,;Kirchoffis Lav»i • ^ ^:..'-?/'^o •^■v-\c6v^ ^^-v^ 

thermal equilibriuni; the/ amount of ahsorptiorJ vyill equal 

the amount of emission. - - > 

^2.Stephah.Bolt2mann-taw;^;-:^--^H^^ ^-vU-*- v-.v/:-.--.:.v.^ r 

The hotter an object biscomes the more infhared energy it emits;v 
3. Wien's Displacement t.aw ;.^^^ 

The wavelength at which the maximum amount 0 energy is emitted becomes 
shorter as the temperature increases. , ; v ^ ; v ; 
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4. Planck's Equation 

Descn'bes the relationship between spedirai erriissiv^^ and 
radiant ienergy. 

Infmmd Thermometer Design and Con 

A basic infrared thermometer (IRT) design; comprises a lens td ebllect th 
energy emitted by the tarjget; a detector to convert the energy to ari electrical 
signal; an ertiissivrty adjustment to the IRT calibration to th§ emitting 

charaGteristies of the object being measured; and an ambient temperature 
compensation circuit to ensure that temperature variations within the IRT, due to 
ambient changes, are not transfiBrred to the final output The modem IRT Is 
founded on this concept ( Fig. 4), but is more technologically sophisticated to 
widen the scope of its application. Probably the most irhportant advance in 
infrared therrriorhetry has been the ihtrdductiori of selective? fi^^ of the 
tincoming lR signal, which has been made possible by the; availability bf more 
sensitive detectors arid more stable signal amplifiers. AA/hereas the early IRTs 
required a broad spectral band of I R to obtain aj wortcabteyde^^ 
modem IRTs routinely have sfDectral responses of only 1 microni The need to 
have selected and narrow spectral respbnses arises because^^^ t^^^^^^^^^^^^ often 
necessary to either see through somes form of atmospheric or other interference 
in. the sight path, or in fact to obtain a measurement of a gas or other substance 
which is transparent to a broad band of IR energy. Some common examples of 
selective spectral responses are 8-14 microns, which avoids interference from 
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atmospheric moisture over long path measurements.; J-S-PTiicroriSj-y/hich is used 
for th^ measurements thin filrn plastics; and 3.86 micron^jw^^ avoids 

interference from CO2 and H2O vapor in flames and combustion^ gases. The 
choice between a shorter, or longer wavelength spectral response Is also 
dictated by the temperature range because^; as Planck's^ the 
peak energy shifts towards shorteit wavelengJJis as the temperature increases 
(PlancK, 1959). Appliqations^ whict»> do not demand sele^fi^^filj^g^^ the 
above statecj reasons; may ofteri benefit frjon^i as 
close to p.7i micronis as possible. This is because the ,effectiyjS; eniisjsivity of a 
hiaterial is ihfghest at shorter yyravelengths and the -accui^^ vc^^^ with 
narrow spectral resporises is le§s| affected by v. chaiiges .in target surface 
(emissiYity.\v ■ ■ 

It is apparent that emissiyity is ^ a very important factor in infrared 
ternpeFature measurement Unless the emissivity of the rnatenal>:^*^^'^9 -i^^ssured 
is lciioWn«%and incoFpofa^^ measurement it is unlikeVit^^ data 

will be pbtainedi There are two methods fpr obtaining; ihe emiss 
a>;byvrefem*ngf t and b): by comparing the If^Ti^rnei^surement 

with' a^siniultanepu Qbta|ned: by a thennriocouplevoi; resistance 

thenriprneter and adjustin the emissivity /setting, until the :1RT;Teads>the same. 
Fortunately^ the published data available from the I RT manufacturers ;:and some 
research organizations Js extensive, so it is seldom necessary to:iexperiment As 
ay^rule of thumb, most opaque, hon^metailic nFiaterials haye; a; high and stabl 
emjssivity^in the 0.85 to 9.0 range; and most unnDxidized; metallic materials have 


a low to medium emissh/rty from o;2 to 0.5; wfth the exceptlori 6f gbldi silv r and 
aluminum which h^ve ertiisslvities in the order of 0 02; to 0.04 girid are; as a 
result, very difficult to rfieasurie with an IRT. While it is almost always- possible to 
establish the enlissivity of the basic material being measured^ a cbhipllcation 
arises in the case of matenals, which have emissivrties tH^it change with 
temperature such as most met^lss^ and bther materials suc^h aS silicon a high 
puf'rty. single crystal ceramics. Some applications, v/hieh' exhibit this 
phenomenon, ban be solved using^ the twoH:olor ratio nrtethod (Sp»aitow 
Cess, 1966)i This technique is riot dissimilar to the infrared Vthermoririeters 
described so far, but measures the ratio of infrared energy emitted from th 
material at two wavelengths; rather than the absolute energy at one wavelength: 
■^oriwaveband. . ■ ■■ ...■'/■■''\-<'^'''''''^^ 

Tempemture measurement of chicken/d^ '^''-^'i-^-:: ''y'''] 

Fresh (not previously frozen) chicken drumstieks with 'Skihvfrbniy the same 
producer were obtained from a local supermarket 1 -2 hours before treatrrients. 
They were divided in. two groups. One group was exposeid to Ss t^ heat at 
1450 °F RW temperature. The second group was sirnilarly treated^but only after 
■ rerrioving the skin; Surface temperature of the drurtisticks was rneasured by 
takiriig images of drumsticks at various processing stages- by a jsalm-sized focal 
plane array radiometer (ThermaCAM PM 280) supplied by Inframetrics, Inc., 
North Billerica, MA (Fig. 5). ThennaCAM uses a 256 X 256 platinum silicide 
focal plane array (FPA) detector, which provides a superior iniage without the 
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use^ of mechanical, scanning^ An Integrated closed-cycle cryogenic cooler 
- maintains the detector temperature^ Images eir<e, displayed, pn a cojor viewfinder. 
: and can /be output as , standard yideo or S-Video. Data can be stored on 
; removable solid-state PCMCIA memory cards. Calibrated IR data is output as TV 
, and VCR-compatible video for extensive; real-time data analysis. Data, analysis 

was perfonned by ThemnaGR^^IQS^ : W 

manufactured by Thermoteknix Systems Ltd., Cambridge, England. This 
software performs real-time analysis on liye or stored images.. TlierrnaCAM 
transfers live images to ThermaGRAM via the TGRAM output pdrt StatlG images 
can be transfen^ed to "ThermaGRAM via the PCMCIA ImageBank miemory card. 

In order to measure the' surface ternperature: we first tned to measure with 
an infrared gun Raynger II plus made by Raytek, CA, This portable instrument 
(Fig. 6) measures surface temperature without contact The Instrument collects 
the Infrared energy radiated by a target and computes; its; surface temperature. 
But becauise our: sample; was being processed at high speed (64.8 ft/sec) we 
were not able to shoot the gun on the sample. Even , if we were successful, the 
high wall temperature^ would have generated so much: background noise that it 
;wbuld not give ah accurate measurement 

Later, we; experimented with temperature indicating liquid^ .QMEGALAQ 
Temperature Indicating Liquids consist, ,0^3 temperature melt material in a liquid 
form; They are, used to tell temperatUres on surfaces and are yvidely. used for 
monltqring critical temperatures in i.electronlcs field, - such aS:; preheat 
temperatures for wave soldering. Other applications include electric heatsealing. 
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pbstfonriihg plastic lamfrt and annealing polished nnetal surfaces. These 
liquids have a time response oh the order of milliseconds (0.001 sec). Heating to 
a temperature well above the melting point these liquids are subject to some 
sublimation. We used liquids for 182, 188, 194, and 200^F on chicken drumsticks 
(Fig. 7). Thes6 were good indicators and we got melting of all these liquid, 
indidatihg that our process raisied the temperature of the drumsticks above 200 
' "F. The problem with these liquids were that the evaluations were subjective. And 
also it was diffibult to Use these liquids on a wet surface like chicken drumsticks. 
Fihally, we Went fbr hi-tech measurerhent with ThemfiaCAM and Fig. 8 — 
^ 14 represieihts^^^a and histograms of temperature m6asurment of 

chicken drumsticks. Table. 1 presents the change in surfacie temperature over 
time of #e^h sk^^^ chickefi drumsticks treated by RWO. To evaluate the 
efficacy of our process, we set a of i60*F (USDA/FSIS 

recommended temperature ^b^ Salmon^M istit^ We need to 

keep our sample for sufficient time to eliminate patho^ieirts like sairtionella. Our 
analysis showed that initially the drumsticks received sufficient heat BecajLige of 
the biolo&icial hafufe dfthe cfimm^^^ did not qet a uniform ternperatufe over 

• the 'dmrnili^'MKiir Cooler spot^',:v<^ig!^|ieirv!e^ 

hcitter fspots We The unequai 

temperature disiinbutiori couid^feb be due to uhequaf distah'^^^^^^ radiant 
wall0fhis can be cbntrblled by changihg the design of tWe wall c^^^^ As 
for biological factor, if we use uniform drtimstieks from a single flock, it can be 
minimized. However, it is not the uniformity of temperature that will determine the 
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effic^^Si|W!pf|ci6%ri3tI]J^ temperature on the clmrnstipkj? should 

be highlfnitiftRlQ^kill^tl^qiiArg^njsrn We can SypSthel&S;xf 
did not reoeive/hold 'iiffiSif i5iM^^^^^^ ^^^?^?raan«§(T(is will be 

swfej^lietHalliririiiiiecl^ enable 
repair <rf^ui^e#alsMdan^ the cqm^irT^d effect oj treatrrient 

vwith^rti^nt HeM in conjunction wrth other modes of preseq^jpj^p&fp^ to 


achieve low popupi^^S^ and control grip^flfth^ - 

\A/hen the effect of radiant heat on skinless drurnsticks compared to 


dnjmsticks with skin^S^a|^^#a!fije|^^^^ ffnjm^ticks received 

sigrvifiG|l^|ess=4i!^|it than their skin-on coiint^qparts ( Ja| be 

, 4ue ;to ,evapGrativC^'feooling^J|;63^ ; jtepriperaturei ■ 

Howev^^ipili^il^g^nicrobiolog^ is difficult to 

.see the vimplfcations of, these ;:;ic«rt^^ 

tissues have different propertieSi tbat.might influgoee the sie^tmfiitidi/^^^ 
the microprgariilri^^^^ 
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TABLE 1. Change in surface temperature over time of fresh skin-on chicken 
drumsticHs (exposed, 3 s to a radiant wall at 7jB?°C (1 4^P''F) 


Time (sec) 

Surface temperature in °F 

Minimum 

Maximum 

- 

Average 

% area 
above 160°F 

0 

175.3 

248.0 

218.4 

10O 

5 

173.1 

248.0 

209.4 

too 

10 

16f5.4 

248.0 

199.5 

100 

15 

1 14.5 

248.0 

144.4 

21 

20 

97.8 

248.0 

136.3 

15 


TABLE 2. Comparison^etweeh sUirfa^ profiles of firesh skin-on and 

skinless, chicken drumsticks exposed 3 s to a RW at 788°C,X145p?F) 


Chicken 0 
Drumsticks 

""'Surfade^te 

Minim unl 

Maximum 

Average 

% area 
above leO'F 

Skin-on 

175.3^^ 

24B.a 

^ 218.4 

100 

Skinless 

116.7 

248.0 

161.1 

49 
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Fig. 1 iil»yirbriiion«tte'*|i*^^ 
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upermarket shehes today need to cater to 
^^^F the gourmet cook as well as the time- 
harried parent Increasingly all types of con- 
sumers are demanding minimally-processed 
foods that are high in quality, nutritionally 
superior, and easy to prepare. Food processors 
have met this demand by developing refiriger- 
ated foods Mdth extended shelf life. Ready-to-eat 
luncheon meats and complete heat-and-eat 
meals are some examples. By their very nature, 
however, these foods present chaUenges to 
ensure microbiological quality and safety. This 
Scientific Status Summary addresses the 
microbiological concerns associated with 
extended shelf life refirigerated foods and 
control measures for ensuring microbiological 

quality and safety. 

Extended shelf life refrigerated foods are foods 
that have received minimal processing or pre- 
cooking and have an enhanced but limited shelf 
life; refrigeration is a key preservation measure. 
These foods include conventional products, such 
as luncheon meats and cured meats, as well as a 
new generation of partially processed refrigerated 
foods (NFPA, 1988) such as meat, seafood, egg. 
and vegetable salads, fresh pasta and pasta sauces, 
other sauces, soups, entrees, complete meals, and 
uncured meat and poultry items. Sous-vide foods, 
cooked inside a hermetically sealed plastic pack- 
age under vacuum, are also included in this defi- 
nitl n.If extended shelf life refirigerated foods are 
heat processed, the heat treatment is much less 
than that required for commercial sterility. 
Canned foods are, therefore, excluded from this 
food category. Sous-vide foods and others that re- 
ceive a 1 wer heat treatment than that used f r 


canning and that require refiigeration are de- 
scribed by some authors as "refrigerated processed 
foods of extended durability" (Peck, 1997). 

Microbiological Concerns 

The chief microbiological concerns associated 
with these products center around two types of mi- 
croorganisms — psychrotrophic and mesophilic 
pathogens — that could grow during extended re- 
frigerated storage or tempoBture abuse. IVy- 
chrotrophs are bacteria, yeasts, andmolds that 
grow, although slowly, at refrigeration temperatures 
(below 7X) but grow optimally at temperatures 
above refrigmtion, e.g.. 25-30**C. Their maximum 
growth temperatures are 30-35"C (Kraft, 1992; Ol- 
son and Nottingham, 1980). Mesophilic padiogens 
could survive imder refrigeration and grow during 
any temperature abuse of the food. Mesophiles 
grow well between 20-45*C vdth optimum growth 
between 30-40*0 (Jay, 1992). The potoitial for psy- 
chrotrophic spoilage microorganisms to grow dur- 
ing the extended refrigerated storage pi^od and 
decrease organoleptic quality or spoil the food 
product is also a concern. 

Pathogenic Microorganisms. Conventional 
wisdom of decades ago held that prop^y refrig- 
erated foods would remain safe because it was 
thought that pathogenic bacteria could not grow 
at refrigeration temperatures. Microbial growth 
was thought necessary to either produce a suffi- 
cient number of cells or enough toxin to cause 
foodbome illness. Since then, scientists have 
learned that several pathogens — such as>4enDino- 
lias hydrophila, nonproteolytic strains of Clostridi- 
um botuhnum. Listeria spp.. Yersinia enterocolitica, 
some strains of Bacillus cereus, enteropathogenic 
Escherichia coli, and Vibrio paraJiaemofyticus — can 
grow at refrigerati n temperatures. Furthermore, 
scientists now know that some pathogens can 
cause illness when nly a few cdls are ingested. 
F r example, as few as ten cells f the extremely 
virulent £ coU 0157:H7 may cause hemorrhagic 
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colitis (Buchanan and Doyle, 1997). Read- 
ers may refer to several texts (Cliver, 1990; 
Do^e et al., 1997; FDA, 1992; ICMSF, 
1996; Jay, 1996) for detailed information 
on the characteristics of pathogenic mi- 
croorganisms and the foodbome illnesses 
they cause. 

A, bydrophila is a facultative anaerobe 
that is generally considered a ubiquitous 
waterbome microorganism, occurring 
widely in fresh and braddsh -watm. Re- 
cent surveys (Pin et al., 1994; Saad et al., 
1995; Schweizo" et al., 1995) detected A. 
hydropbila in samples of raw milk, poultry, 
iamb, cheese, shellfish, pork, beef, wato"- 
cress, lettuce, and escarole. Most cases of 
illness attributed to A. hydropbila have 
been sporadic, rather than associated with 
an utbreak (FDA, 1992). 

C. botuMnum is a ubiquitous anaerobic 
spore-forming bacterium whose spores are 
widely distributed in soil, freshwater and 
marine environments, raw agricultural 
products, and the intestinal tracts of fish and 
animals (Sugiyama. 1990). Four groups of C. 
botuliniim (I-IV) and some strains of 
Qostridium baratiimd Clostridium butyri- 
cum can produce botulinum neurotoxin 
(Hatheway, 1992), C. botulinum type I (pto- 
teolytic strains) and C. bomZ^num type n 
(nonproteolytic strains) are re^nsible for 
human foodbome botulism (Peck, 1997). 
The botulinum neurotoxins are differentiat- 
ed as types A through G on the basis of sero- 
logical reaction The nonproteolytic 
strains — type E and some type B and F — do 
not produce overt signs of food spoilage 
during growth and toxin production. 

Some nonproteolytic strains of C botu- 
linum are a concern with extended shelf life 
refrigerated foods because with suffldCTit 
time they may be able to grow and produce 
neurotoxin at temperatures as low as 33*C. 
Proteolytic strains, which are mesophilic, 
may be able to grow and produce toxin in 
foods if temperature abuse occurs. Most 
outbreaks of botulism in the United States 
have been caused by home-processed vege- 
tables, fish, or meat products (ICMSF, 
1996). The incidence f botulism from 
consumption of refrigerated foods is ex- 
ceedingly low. Howeva*, the few outbreaks 


that have occurred and research chal- 
lenge studies illustrate the potential C. 
botulinum hazards associated with ex- 
tended shelf life refrigerated foods 
(Conner etaL, 1989). 

L momxyto^genes; a facultative aiiaer^ 
obe, is ubiquitous in the environment L 
monocyrqgenes has been isolated from 
soil, silage, food processing environ- 
ments, and healthy humans and animals 
(ICMSF, 1996). A variety of foods, such 
as refrigerated ready-to-eat meat sand- 
wiches and meat salads have been re- 
called from the marketplace because of 
ccmtaminaticm with L monocytogenes 
(Ryser and Marth. 1991). Indhdduals 
with compromised immune systems, &g., 
newborns, the elderiy. and people suflfer- 
ing from the acquired immunodeficiency 
syndrome, are most susceptible to listeri- 
osis. Outbreaks of li^artosis ^ Not^ 
Am^ca have been associated with cole- 
slaw, soft Mexican-style dieese. and milk 
Q^uchlia 1996). 

K enterocolitica is a facultative 
anaerobe whose main reservoir of bio- 
serotypes pathogenic to humans is be- 
lieved to be tile pig GCMSF, 1996). 
Symptoms of yersiniosis, the disease 
caused by K enterocolitica, may include 
fever, diarrhea, headache, vomiting, 
and severe abdominal pain similar to 
that associated with appendicitis. K en- 
terocolitica has been isolated from a va- 
riety of animals, foods (lamb, pork, 
oysters, shrimp, and crabs), and water 
(Doyle and CUver, 1990; ICMSF. 1996); 
however, isolates are often avirulent 
Outbreaks of yersiniosis. which are rel- 
atively uncommon in the United States, 
have been caused by contaminated 
chocolate milk, recontaminated pas- 
teurized milk, bean sprouts, tofii, and 
chitterlings (raw pork intestine) . 

B. cereus, an am>bic spore-former 
including psychrotrophic and meso- 
philic strato, is widely distributed in 
nature and in foods. R cemis is com- 
monly found in soil milk, c^ieak. 
starches, herbs, spices, and other dried 
food products and on the surfaces of 
meats and poultry. B. cereus can pro- 
duce two toxins that cause two distinct 
types of illness— a diarrheal illness and 
an emetic illness characterized by nau- 
sea and vomiting. Every well-document- 
ed report of B. cereus intoxication has 
described time and temperature abuse 
that enabled initially relatively low (in- 
n cuous) levels f B. cereus in foods to 
irurease greatly. In most incidents, the 
food vehicle was a cereal or cereal- or 


spice-containing produa (ICMSF. 1996). 

A few serotypes and strains of £ coli,a 
facultative anaerobe that is part of the 
normal microflora of the intestinal tract 
of humans and most warm-blcxKied ani- 
mals, can cause illness. Although they are 
not considered true psychrotrophs, some 
of these strains can grow at 6.9''C and be- 
low (Kraft, 1992; P^umbo et al, 1994). 
Pathogenic £ cotf are categorized into six 
groups — enteropathc>genic enteroinva- 
sive, enterotoxigenic enterohemorrhagic 
(EHEC), enteroaggregative, and diffusely 
adherent (Buchanan and Doyle, 1997). 
Foods involved in cnitbreaks caused by 
pathogenic £ cdi include meat, poultry, 
fish, vegetables, apple dder, raw milk. Brie 
and Camembert cheese, water, and radish 
and alfalfrk sfuouts. Some strains of £ cdi, 
including some EHEC stndns, are add 
tolersHU. a<xm^p^fAwivmies«m ^lat is 
growth phase dependent and iiKludble; 
add tolerance may persist for extended 
periods at refirigeration (Buchanan and 
Do5de,1997). 

Vpara/taemo/^cusis a fecultativ^ 
anaerobto halophile (requiring sodium 
chloricie for growth) occurrii^ woildwide 
in irishore niarine wat^ and frequently 
associate with molluscs, cxiistaceans, arid 
fish 0CMSF, 1996). Altiwugh the microo^ 
ganism is considered mesophiHc, growth 
has been demonstrated at temperatures as 
low as 5*C (Twedt, 1989). The microoi^ 
ganism is the most common caus^ of 
fcxxibome illness in Japan because it fre- 
quently contaminates seafood, often eaten 
raw in that country. Contaminated raw, 
improperly cooked, and codced recontam- 
inated fish and shellfish have been impli- 
cated in cases of gastrooiterttis. 

Spoilage Microorganisms. V\%th suffi- 
dent time at refrigeration temperatures, 
several types of psychrotrophic bacteria, 
yeasts, and molds may grow to levels suf- 
fident to cause food spoilage. These mi- 
croorganisms indude the Adnetobacter- 
MoraxeUa group, Alcahgenesspeciiss, Fla- 
vobacterium spp., Miavbact&ium spp.. 
Xanthomonas spp., and the microorgan- 
isms of primary concern in extended shelf 
life refrigerated foods: Brocbodulx ther- 
mospbacta, lactic add bacteria (LAB), ami 
Pseudonumasspp. 

B rhermo^pthacta, which is aerobic (re- 
quiring free oxygen) tofacuttativdyanaef^ 
oblc (growiiigvveUdtheraeroUcallybr 
anaerobically) . has be^ recovered frcOTi 
vacuum-packaged beef, pork, lamb, and 
heat-processed cured meats sudi as ^ced 
cooked ham, corned beef, and others 
(Kraft, 1992). The extent of ^xdlage of 
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vacuum-packied meat by B. theimospbacta 
varies with pnxhict pH and with oxygen 
pOTieability of the packaging mat^ 

(Egan and Gran. 1981). Spoilage may in- 
volve devd pment of sliminess and pro- 
duction of oiT-od rs and off-flavors con- 
fmed by short chain fatty adds Qay. 1992). 

The LAB, such as lactobadtfusspp., 
Leuconostoc, and Pediococcus, are faculta- 
tively anaerobic. The type of spoilage 
produced by the LAB is determined by 
the nature of the bacteria. Homofermen- 
tative LAB produce primarily lactic add 
during sugar fmnentation. Heterofer- 
mentative LAB produce acetic and for- 
mic add, ethanol, and carbon dioxide, in 
addition to lactic add. LAB can spoil a 
variety of foods, induding milk and milk 
products, meats, vegetables, fruit Juices, 
sugary products, alcoholic beverages, 
and products "preserved with vinegar 
(Sharpe and Pettipher, 1983). 

Pieudomonas spp., which are aerobic, 
are among the most common spoilage 
agents of refrigerated foods (Gill. 1986; 
Greer, 1989; Kraft 1986; Splittstoesser, 
1976). Growth of Fseudomonasspp,, like 
that of other Gram-negative psychrotro- 
phs, is affected by oxygen tension, salt and 

th^ food additives, water activity (aj, 
pH, and other factors. During growth, 
pseudomonads produce proteases and li- 
pases that can catalyze reactions causing 
degradation of protein and fat The con- 
sequence of these reactions is formation 
of peptides and fatty adds of undesirable 
flavor (e.g., bitterness, randdity) and 
odor. Sometimes these bactaia also pro- 
duce unsightly green pigments. 

Many yeasts and molds given su£Q- 
dent time under refrigoration tempera- 
tures can spoil fruit Juices, meat products, 
vegetables, dairy products, and possibly 

ther foods (Jay, 1987; Splittstoesser, 
1987). Some yeasts in the genera Candida, 
Hanseniasp<n and Saccharomycescan 
grow in fruit Juices at -S.S'C to -Z.Z'C, 
Just above the freezing temperature for 
these foods (Pederson et aL. 1959). Sevml 
gsnm of yeasts are found on fish and 
meat products. These indude Candida, 
Ctyptococcus, Debaromyces, Hansenuia, 
Picbia, Rhodotorula, Sacdiawmyces, 
SpoTvbolomyces, Toruia, TaruJopsis, and 
Trichospora Oay, 1987). Growth of yeasts 
on foods is commonly accompanied by 
production f carbon dioxide and yeasty, 
fruity, or alcoholic off-flavors and odors. 

ftychrotrophic m Ids indude Botryds 
dnerea,G€otrichiwncandidimPuiIaria 
pvdiulans (Aureobasidiuni puUulans), and 
some spedes in the genera Altemaria, 


MoniJia, Mucor, PenldUium, Sporotridd- 
um, md Rhizopus, Not only does the visi- 
ble presence of mold indicate spoilage, 
m Ids also commonly produce en^mes 
that degrade carbohydrates, fats, ami pro- 
teins, causing softening of foods and fla- 
vor and aroma deterioration. Some spe- 
des of molds, especially those in the gen- 
era Aspergillus, Fusarium, and Pcnidilium, 
can produce mycotoxins. A^)€rgiMus spp, 
cannot produce mycotoxins at refrigera- 
tion tempoBtures, whereas certain spedes 
of Fusarium and Penicillium can (Frisvad 
and Samson, 1991). 

Control Measures 

Several types of control methods are 
effective in preventing or minimizing 
microbial contamination of product and 
inhibiting the growth of or destroying 
microbial ix>ntani£nante. 

Good Manufacturing Practices 
(GMPs), Sanitatioa and Hygiene. Proces- 
sors need to sdect high-quality raw mate^ 
rials with low levels of microorganisms, 
especially psychrotrophs. They need to . 
determine potential microbiological haz- 
ards of ingredients, possibly using micro- 
biological specifications for ingredients to 
minimize risk (Moberg. 1989). 

Fabrication of raw materials into fin- 
ished products under hygienic condi- 
tions is also important Food processing 
equipment must be designed and con- 
structed so that it: (1) is inert to the 
product. (2) has smooth and nonporous 
product-contact surfaces, (3) is readily 
accessible for deaning and inspection. 
(4) is self-emptying or self-draining. (5) 
has covers to prevent extmial contami- 
nation, and (6) has readily deanable sur- 
faces that do not contact the product 
and do not harbor contaminants (Oliver 
and Marth, 1990). The equipment 
should be deaned and sanitized as often 
as is necessary during a day's operation 
to prevent development of a biofilm that 
can contaminate subsequent lots of 
product Cleaning and sanitizing ade- 
quacy can be determined using the more 
traditional swab procedures, the RODAC 
(agar contact) method, or the newer rap- 
id ATP (adenosine triphosphate) biolu- 
minescence assays. 

Filtration of air entering the food 
processing area reduces the numb^ of 
airborne contaminants. If processed 
foods will not receive a heat treatment or 
will have few barriers to microbial 
growth, use of "absolute" (high effiden- 
cy) air filtm can virtually eliminate mi- 
crobial contaminati n. If an air condi- 


tioning system is present the system 
must be maintained properly so that 
condensate drains freely and does not 
contaminate the pnxluct Food process- 
ing personnd must use hygienic practic- 
es and must be barred from moving 
from areas containing raw materials to 
areas containing finished products. 

GMPs. sanitation, and hygiene are 
necessaiy prerequisites for implementing 
an effective Hazard Analysis Critical 
Control Point (HACCP) system, which 
enables the highest levd of food safety 
assurance possible. HACCP is a system- 
atic approach to the identification, eval- 
uation, and control of food safety haz- 
ards, from raw material production and 
procurement to distribution and con- 
sumption of the finished product (NAC- 
MCF, 1997). HACCP is based on seven 
prind]^: {O -c^^duct a hazard analysis, 

(2) determine the critical control points, 

(3) establish critical limits, (4) establish 
monitoring procedures. (5) establish cor- 
rective actions. (6) establish verificatian 
procedures, and (7) establish record- 
keeping and documentation procedures. 

Multiple Barriers/Hiirdles. Referred 
to as the hurdle concept or hurdle tech- 
nology (Leistnerand Gorris, 1995; Scott, 
1 989) , this approach combines several 
factors at subinhibitory concentrations 
that can effectively control microorgan- 
isms in refrigerated foods. Common 
hurdles indude physical elements — such 
as refrigeration, modified atmosphere 
packaging (MAP), and heat treatment — 
and physicochemical factors— such as a^ 
pH, and preservatives. When used to- 
gether, hurdles interact, sometimes syn- 
ergistically. enablirig use of lower hitensi- 
ties of eadi fiatctor than would be neces- 
sary if each were used alone. 

Scott (1989) recommended that dial- 
lenge studies be oorKhtcted to verify the 
effectiveness of the combination of hur- 
dles. For example, Simpson et aL (1995) 
demonstrated the antibotulinal effects of 
salt and pH in minimally processed sous 
vide spaghetti and meat sauce on pro- 
teolytic Cbotuiinum types A ondB spores 
and toxin production. The challenge 
studies indicated that the probability of 
toxigenesis increased with storage time, 
but that it decreased as either the a,^ or pH 
was decreased. Growth of the spores arid 
toxin production were prevented in the 
product that was processed at 75*C for 36 
min and held at 15X (simulating mild 
temperature abuse) for 42 days by >1.5% 
salt (a, 0.983) and pH S.5. 

Ingredients. Some (Mtxlucts can be 
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formulated with in^;redients that are bar- 
riers to microbial growth. For example, 
rganic adds, particularly acetic but also 
lactic and citric, can inhibit bacterial 
growth (Ahamad and Marth, 1989; D- 
Shenawy and Marth, 1989a; P^k et aL, 
1970). Sorbate, propionate, and benzoate 
have both antibacterial and antifungal 
properties (El-Shenawy and Marth, 1988 
a,b; El-Shenawy and Marth, 1 989a,b; 
Park and Marth, 1972; Ryser and Martfi, 
1988). Although salt has antimicrobial 
properties It is not commor^ used in 
high enough concentrations to be effec- 
tive; this is particularly true of "low-so- 
dium" foods. When appropriate, use of 
salt and other ingredients to reduce the 
a« t 0.980 or below will lengthen the lag 
phase of most bacteria and will further 
reduce the rate of any subsequent growth 
(Cliver and Marth. 1990). 

Heat Treatment Heating foods will 
reduce the microbial population; the de- 
gree of reduction depends on the magni- 
tude of the heat treatment, Le. time and 
temperature. The magnitude of heat 
treatments commonly used is pasteuriz- 
ing (destruct^e to vegetative pathogens) 
ratho- tiian sterilizing. Heat treatments 
lower than those producing commatdai 
sterility are likely to inactivate vegetative 
cells, but not bacterial spores. Once the 
heating is completed, stringent hygienic 
measures must be implemented to pre- 


Generation times of psyc^ 
Pseudbrimas specie^ 
food Adapted from Snyder (1^ 


Temperature Generation time (h) Food 



°F 



0 

32 

26.6 

Dairy product 

0 

32 

30.2 

Fish 

2.5 

36.5 

7.7 

Dairy product 

2.5 

36.5 

8.0 

Chicken 

2.5 

36.5 

13.8 

Meat 

4.5 

40 

11.7 

Dairy product 

4.5 

40 

6.7 

Fish 

4.5 

40 

5.0 

Dairy product 

10 

50 

5.4 

Dairy product 

10 

50 

2.6 

Dairy product 

10 

50 

2.7 

Chicken 

10 

50 

1.9 

nsh 


vent recontamination of the food with 
psychrotrophic spoilage r pathogenic 
microbes. 

Modified Atmosphere Packaging. 
MAP extends product shelf life by re- 
ducing oxygen and/or increasing gases, 
such as carbon dioxide, in the food 
product environment MAP inhti>its 
the growth of aerobic spoilage micro- 
organisms, such as Pseudomonas spe- 
des, but allows fecultative anaerobes 
such as LAB to grow. Integrated with 
aseptic packaging, the technology has ex- 
perienced rapid growth in the minimally 
processed refrigerated foods sector (Bro- 
dy,1996). 

Use of MAP is not without some 
risk, however. Any facultatively anaerobic 
or anaerobic psychrotrophic pathogois, 
such as nonproteolytic C. botvUnim type 
Eor K-enten^coy^fttea^maybeabteto^w 
until the LAB have reduced the pH of the 
(Product to inhibitory levels. Further, im- 
like am)bic spoilage microorganisms, 
growth of LAB may not be accompanied 
by overt evidence of spoilage. Moreover, 
if the MAP product received a nonsteril- 
izing heat treatment, any surviving C. 
botulinum spores may, upon temperature 
abuse of the product, germinate, grow, 
and produce toxin without organoleptic 
signs of spoilage. 

Storage Temperature and Shelf life. 
Microbial lag phases (during which there 
is no growth or a decline in microbial 
numbers) and generation times (dura- 
tion between formation of a daughter 
cell and its division into two new cells) . 
increase as refrigeration temperature de- 
creases (Table 1, 2, and 3). Thus, product 
temperature should be maintained Just 
slightly above freezing. Acceptable prod- 
uct shelf life (e.g., days or weeks) at spec- 
ified temperature limits should be estab- 
lished and monitored to help manage 
food quality and safety. Because the po- 
tential exists for temperature abuse at 
some point during handling or for stor- 
age past the intended shelf life, time- 
temperature indicators or integrators 
can be useful in determining when re- 
frigeration temperatures or intended 
storage times havb been exceeded (Labu- 
za, 1996; Taoukis et al.. 1991). 

Other Control Measures. Table 4 lists 
potential n n-thermal methods t ex- 
tend shelf life and their mode of acti n 
n microbial cells. Except for the limited 
use of food irradiation, the bacteriodn 
nisin, and high hydrostatic pressure 
(HHP), these methods are not yet fiilly 
developed nor commercially applied. 


EBBBH lag time and generation time of 
Listeria monocytogenes in fluid davy 
products at various temperatures. 
Adapted from Rosenow and Marth (1987), 


Temperature °C Lag time (h) Generation time (h) 


4 

120-144 

33.3-36.3 

8 

24-48 

10.6-13.1 

13 

10 

5.8-6.0 

21 

5 

1.7-1.9 


Ionizing radiation, finom gamma rays 
(produced by the radioisotopes cobalt-iSO 
or cesium-137), machine generated x-rays 
(with a minimum energy of 5 million 
electron volts. MeV). and electrons (with 
a maximum energy of 10 MeV) has been 
studied extensively. The IHted States has 
accepted this nonthermal processir^ tech- 
nology for Insect didi^estatian <^ wheat, 
wheat fknir, and fresh fruits and vegeta- 
bles, inhibition of maturation of fresh 
fruits and v^etables, sprout inhibition of 
potatoes, inactWation of TrichineBa qtta- 
Zfsin pork, and microbial decontamina- 
tion of spices, herbs, vegetable seasonings, 
poultry, and red meats. Commercial apH 
plication of ionizing radiation to foods in 
the United States, however, has grown 
slowly (Olson, 1998). V\^despread appli- 
cation to refrigerated foods requires con- 
sumer acceptance. 

Pulsed electric fields technology 
(PEF). also nonthermal, uses v&cy short 
pulses of high intensity electric fields to 
inactive microoiganisms. It has been 
largely limited to liquids such as Juices, 
milk, and liquid egg. Applied to foods, 
PEF has the potential to equal conven- 
tional pasteurization (Yousef, 1996). 

Pulsed high-intensity light is a non- 
thermal technology that uses a xenon 
flashlamp to generate extremely brief 
(< 2 msec) flashes of intense broad-spec- 
trum (200 to 1.100 nanometer wave- 
length) light to inactivate microoigan- 
isms (Yousef. 1996). Accepted by the 
Food and Drug Administration (FDA. 
1996) for controlling microorganisms on 
the surface of food, the techiK>logy is 
also useful for treating surfaces of equip- 
ment and packaging materials. Success- 
ful commercial application to food re- 
quires further development because the 
method as currently understood suffers 
from limited penetration int food and 
may cause lipid oxidation (Y usef, 1996). 

HHP is effective in controlling mi- 
croorganisms. RafTalli et al (1994) dem- 
onstrated that L innocua added to 35% 
fat cream at 10^ cells per milliliter was re- 
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duced 98.7-99.99% after treatment at 
25-26X for 10-30 min. The D-value for 
L innocua was 7.4 minutes. After treat- 
ment ft>r 20 and 30 min. all surviving 
micro rganisms were injured; a resusci- 
tation step was needed bef re they were 
able to grow on a selective medium. 
HHP is applied commercially to refrigo*- 
ated avocado products. 

Bacteriodns are antimicrobial proteins 
pnoduced by certain bacteria. The best 
known bacteriodn is ni^ (also designated 
as a lantibiotic), produced by certain strains 
of LactocDCOisiacdssubsp. lactis (formeriy 
5£n^/ixaais/ac£fi^. In the Ibiited States, ni- 
sin is generally recognized as safe (GRAS) 
for limited use in pasteurized processed 
cheese to control growth of and toxin pro- 
duction fay C. botulinum (FDA. 19ffi). 
GRAS petitions have been filed for use of ni- 
sin in reduced chdesterol liquid whole egg^ 
sauces, and honstandardized salad dressir^ 
(FDA. 1994. 199S). In recmt years, an array 
of other bactedodns. many of whidi are in- 
hibitoiy to IbodbcHne patiipgens. has been 
discovered. These include unnamed bacterir 
odns produced by aiterooood ^4artin et 
aL. 1994; TarelU et aL. 1994). pediodn pro- 
duced fay Pedicoccus addOacdd (Huaog et 
aL. 1994). bavaridnpxxluced by lactoted/- 
hxs bavarkus (Larsen and Norrui^g. 1993). 
inesenterodn pnxluced by i^uconosAXine^ 
sentBmides (Huang et aL. 1993; Maftah et aL. 


Table 3 


GeneraUon times or time until toxin formation by 
some psychrotrophic pathogens during growth in food. 
Adapted from Snyder (1996). 


1993) . camodn produced fay Car- 
nobacterium pJsdcak (Bsfgi and 
Buchanaa 1994; Mathieu et aL. 

1994) . sakadn produced fay Lacto- 
hadffussaite(HolcketaL. 1994). 
and curvatidn produced by LadD- 
Aadfibff curyaTus (Carver and 
Muriana, 1994). 


Labeling 

Manufacturers recognize the 
potential for temperature abuse during 
distribution or storage of foods requir- 
ing refrigeratioa Hence, they voltmtarily 
use label statements, such as "keep refrig- 
erated* or 'refrigerate after open^.' to 
inform consumers of the need to main- 
tain product at refrigeration tempera- 
tures (FDA. 1997). 

The FDA determined in 1997 that the 
labeling of potentially hazardous foods 
that need refrigeration fay consumen 
should be more specific about the types 
of hazards present and the necessary stor- 
age conditions aftsx the food is opened 
and issued labeling guidance (FDA. 1997) 
to food manufacturers. The agency delin- 
eated foods that need refrigeration into 
three groups and developed modd label 
statements and guidance on label place- 
ment and prominence. The model label 
statements refer to the importance of re- 
frigeration for foods in two of the groups 
to maintain 
safety and the 
use of refrig- 
eration for 
foods in the 
third group 
to maintain 
quality. 


Table 4 


I Nonthermal methodis to treat foods. 
Adapted from Yousef (1 996), 


(Method 

Mode of action on microbial cells 1 

Pulsed electric fields 

Rupture of cell membrane 

Puteed fight 

(IV(orthermaQ^rect 

Ionizing radiation 

DNA damage 

High hydrostatic pressure 

Dmturing of protein 

Bact&iodns 

Damage of ceO membrane 


1 Pathogen 

Temperature 

Generation 

Food 

°C 


time (h) 


L^eria monocytogenes 

0 

32 

110.0 

Corned beef 

3 

37 

37.6 

Roast beef 


4 

39 

36.0 

Milk 


5 

41 

43.0 

Raw cabbage 


5 

41 

44.0 

Coolcedmeat 


5 

41 

33.2 

Ham 


10 

50 

21.7 

Lettuce 


10 

50 

8.2 

Corned beef 

y^'nia entetoco&ka 

0 

32 

67.4 

Imitation crab le^ 


0 

32 

44.0 

Oysters 


3 

37 

18.0 

Boiled shrimp 


7 

45 

10.3 

Cooked beef 


10 

50 

12.0 

Imitation crab legs 

Escherichia coG 

10 

50 

5.2 

Culture medium 

1 Pathogen 

Temperature 

Time to toxin 

Food 

°C 

-F 

formation (h) 


ClosokliumbtMmm 

3.3 

38 

744 

Beef stew 

typeE 

3.3 

38 

%4 


4.0 

39 

644 

Fish 


4.4 

40 

1320 

Crabmeat 


5.0 

41 

426 

Fish 


6.0 

43 

456 

Beef stew 


7.0 

45 

243 

Fish 


9.0 

48 

163 

Fish 


10.0 

50 

138 

Fish 



Summary 
Avarle^ 
ofhighquaUty 
extended shelf 
life refrigerat- 
ed foods Is 
available. ^AAth 
attentlcnntD 
GMI^ sanita- 
tion. hygtenCt 
product foT' 
rmjiation, 

perature; 
ler^gthof le- 
frigerated stor- 
age, and mi- 
crobial control 
treatments, 
extended shdf 


life refrigerated foods win be of htgh quality 
and mfaiimal risk fix* fbodbome Olness. 
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Post Processing Pasteurization of Processed Meats 

E. Jeffery Rhodehamel* and Scott W. Beckwith 


introduction 

Listeria monocytogenes became recognized as a foodborne 
pathogen in the early eighties. After several foodborne out- 
breaks the federal regulatory agencies established a 'zero tol- 
erance' for L monocytogenes in ready-to-eat products. These 
events precipitated a new mindset by the meat industry that 
sanitation did not just involve food<qntact surfaces, but rather 
the cleaning and sanitizing of the whole plant environment 
was necessary. Efforts to eradicate L monocytogenes often 
involved clean room type sanitation standard operation pro- 
edures (SSOP's). These include rooms with positive airflow, 
nitizing dips for hands and footwear, donning special cloth- 
ing, and restricting access. Even with these, an occasional 
ow level incidence of L monocytogenes contamination can 
bcur. Recent foodborne outbreaks and product recalls due 
i. monocytogenes contamination have refocused the meat 
Mstry on potential post-processing intervention techholo- 
. ft»i-processing intervention technologies would be used 
p attempt to reduce or eliminate the hazard for those meat 
ucts that are unavoidably handled after the initial ther- 
rocessing. Pbtential technologies include: UV light; an- 
bbial films, irradiation, non-thermal processing meth- 
^ as pulsed electric field (PEF), oscillating magnetic 
t MF), and high pressure processing (HPP), and ther- 
iessing methods using steam or hot water. The status, 
l^nd pbtential of each of these technologies will be 

-Processing Intervention Technologies 
UVLIght 

ity UV light can be used in either a continuous 
ication. UV light has the potential for micro- 
Vction on foods, packaging materials, and food 
• It is effective against a broad spectrum of 
Complex or irregular-shaped food surfaces 
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may possess light blocking folds or fissures that protect mi- 
croorganisms from exposure. 

Antimicrobial Pilckaging 

Several studies have reported the use of antimicrobial com- 
pounds either incorporated into or coated onto packaging 
films. Antimicrobial films are proposed as a means to provide 
an antimicrobial compound in direct food contact to extend 
shelf life through microbial spoilage andl/or pathogen reduc- 
tion. Another proposed use involves self sanitizing films that 
would reduce pack^ing as a source of microbial contamina- 
tion. The ideal antimicrobial would be one that has broad 
spectrum antimicrobial activity, activity at low concentrations, 
themiostable for extrusion, controlled migration^ no organo- 
leptic effects, not inactivated by the food, and is inexpensive. 
Unfortunately, only a limited number of antimicrobial com- 
pounds have regulatory approval for use in foods, and these 
compounds are often more eft'ective when added directly to 
the food product than through a film application. 

Irradiation 

Irradiation involves subjecting the food product to ioniz- 
ing radiation either as gamma rays, E-beam, or X-rays. It can 
be effective against all microorganisms and could be used to 
post-pasteurize food products. There are considerable eco- 
nomic, logistic, sensory, packaging, and regulatory hurdles to 
overcome before irradiation will be widely used. Economic 
and logistic hurdles involve either the expense of building a 
radiation unit or transporting all food products to an existing 
unit. There are only a limited number of packaging materials 
that can be irradiated. Irradiation is currently or)ly approved 
for use with raw meat and poultry. Use on processed meats is 
not approved and would require a food additive petition for 
approval. 

Non-Thermal Processing - Pulsed Electric field 

Pulsed electric field (PEF) involves subjecting the food prod- 
uct to a high electric field (35 to 75 kV/cm) pulse between 
two electrodes for a short period of time (pulse equals 1 to 4 
microseconds). PEF can be performed in a continuous flow 
and is most suitable for low viscosity, homogeneous liquid 
products (i.e., juices). Generally intended as a pasteurizatfon 


" effect at product temperatures < S(KI and with a total treat- 
ment lime of 30 to 400 microseconds. PEF is most effective 
against vegetative cells and less effective against spores. 

Non-Thermal Processing - 
Oscillating Magnetic Fields 

Oscillating Magnetic Fields (OMF) is an emerging tech- 
nology that can inactivate microorganisms and denature some 
enzymes in either fresh or prepared foods. The technology 
involves subjecting the food to high energy OMF while gen- 
erating minimal heat within the food. Potential applications 
involve solid and liquid foods in a flexible packaging. Cur- 
rently, there are no commercial applications in use. 

Non-Thermal Processing - High Pressure Processing 

High Pressure Processing (HPP) involves subjecting food 
products to a non-thermal extremely high hydrostatic pres- 
sure treatment (typically 70,000 to 1 30,000 psi or 500 to 900 
Mpa). It is currently available as a batch or semi-continuous 
process. HPP is used to provide a pasteurization process be- 
cause it is effective against vegetative microorganisms, but 
less effective against spores. Extreme pressures and slightly 
elevated temperatures have been shown to reduce Clostridium 
botulinum type E spor'es. HPP provides uniform pressure 
throughout the food product and retains food flavor/nutrients 
while providing a shelf life extension. Commercial applica- 
tions involve jams, jellies, juices, guacamole, and sliced pro- 
cessed meats in Europe. 

Thermal Processing - Steam or Hot Water 

Post-packaging heat treatments (typically referred to as post- 
pasteurization) have long been used for vA)ole muscle prod- 
ucts that are unavoidably handled after the initial thermal pro- 
cessing (Beckwith, 1995). Cryovac investigated the 
effectiveness of post-packaging heat treatments on shelf life 
extension and pathogen reduction in 1986, and was issued a 
post-pasteurization Statutory Invention Registration (DeMasi 
and Deily, 1990). Post-packaging heat treatments generally 
involve heat treatments of 1 60** to 205°F for time periods vary- 


ing from 30 seconds to 1 0 minutes. Initial tests were performed 
to examine various time and teniperature treatments efficacy 
on spoilage organisms that directly influence product shelf 
life. Use of CN536 and certain post-pasteurization treatments 
proved beneficial in controlling the microbial counts and ex- 
tending the product shelf life by destroying surface organisms 
and/or extending the lag phase through microbial injury (Fig. 
ures 1 and 2). This generated interest in detenmining the ef- 
fectiveness of these treatments on pathogen reduction and a 
second phase of testing was initiated. L monocytogenes was 
surface inoculated on a cured ham product and subjected to 
various post-packaging heat treatments. Results showed that 
exposing the surface of a cured ham produd-ttii i65*»F for 
either orie or two mmiites resulted in a 1 to 2 log reduction of 
L moncKyfdgehesiFi^^ did the 

post-packaging hea^^^^ completely destroy all viable 

L mon6<^6g€h&.i^^ we can not recommend that the 
treatments investigated in this study be used to ensure the 
safety of the food product, diily as a nlearis to^ shelf 
life. In addition, several other reports have shown the effec- 
tiveness of post-packaging heat treatments on reducing mi- 
crobial populations (Cooksey, et aL, 1993; Hardin, et al., 
1993). 

Typicaf post-packaging heat treatments will not inactivate 
all organisms. Therefore, they should be used as a tool to in- 
ci^ease the quality and shelf life of products that are unavoid- 
ably handled after the initial heat processing: Post-pasteur- 
ization heat treatments should not be viewed as a method to 
correct for unsanitary practices and good manufacturing prac- 
tices must be maintained throughout processing. 
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Abstract 

Hurdle technology is used in industrialized as well as in developing countries for the gentle but effective preservation of 
foods. Previously hurdle technology, i.e., a combination of preservation methods, was used empirically without much 
knowledge of the governing principles. Since about 20 years the intelligent application of hurdle technology became more 
prevalent, because the principles of major preservative factors for foods (e.g., temperature, pH, a^, Eh, competitive flora), 
and their interactions, became better known. Recently, the influence of food preservation methods on the physiology and 
behaviour of microorganisms in foods, i.e. their homeostasis, metabolic exhaustion, stress reactions, are taken into account, 
and the novel concept of multitarget food preservation emerged. In the present contribution a brief introduction is given on 
the potential hurdles for foods, the hurdle effect, and the hurdle technology. However, emphasis is placed on the 
homeostasis, metabolic exhaustion, and stress reactions of microorganisms related to hurdle technology, and the prospects of 
the future goal of a multitarget preservation of foods. © 2000 Elsevier Science B.V All rights reserved. 

Keywords: Food preservation; Hurdle technology; Homeostasis; Metabolic exhaustion; Stress reactions; Multitarget preservation 


1. Introduction 

The microbial safety and stability as well as the 
sensory and nutritional quality of most foods is based 
on an application of combined preservative factors 
(called hurdles). This is true for traditional foods 
with inherent empirical hurdles as well as for novel 
products for which the hurdles are intelligently 
selected and then intentionally applied (Leistner, 
1995a). 
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LI. Hurdles in foods 

The most important hurdles used in food preserva- 
tion are temperature (high or low), water activity 
(a^), acidity (pH), redox potential (Eh), preserva- 
tives (e.g., nitrite, sorbate, sulfite), and competitive 
microorganisms (e.g., lactic acid bacteria). However, 
more than 60 potential hurdles for foods, which 
improve the stability and/or quality of the products, 
have been already described, and the list of possible 
hurdles for food preservation is by no means com- 
plete (Leistner, 1999a). Some hurdles (e.g., Maillard 
reaction products) will influence the safety and the 
quality of foods, because they have antimicrobial 
properties and at the same time improve the flavour 
of the products. The same hurdle could have a 
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positive or a negative eflfect on foods, depending on 
its intensity. For instance, chilling to an xinsuitable 
low temperature is detrimental to some foods of 
plant origin ('chilling injury'), whereas moderate 
chilling will be beneficial for their shelf life. Another 
example is the pH of fermented sausage which 
should be low enough to inhibit pathogenic bacteria, 
but not so low as to impair taste. If the intensity of a 
particular hurdle in a food is too small it should be 
strengthened, if it is detrimental to the food quality it 
should be lowered. By this adjustment, hurdles in 
foods can be kept in the optimal range, considering 
safety as well as quality, and thus the total quality of 
a food (Leistner, 1994a). 

For each stable and safe food a certain set of 
hurdles is inherent, which differs in quality and 
intensity depending on the particular product, but in 
any case the hurdles must keep the 'normal' popula- 
tion of microorganisms in this food imder control. 
The microorganisms present (*at the start') in a food 
should not be able to overcome (ieap over') the 
hurdles present during the storage of a product, 
otherwise the food will spoil or even cause food 
poisoning. This situation is illustrated by the hurdle 
effect, first introduced by Leistner (1978), which is 
of fundamental importance for the preservation of 
intermediate-moisture foods (Leistner and Rodel, 
1976) as well as high-moisture foods (Leistner et al., 
1981). 


2* Hurdle technology 

From an understanding of the hurdle effect, the 
hurdle technology has been derived (Leistner, 1985), 
which means that hurdles are deliberately combined 
to improve the microbial stability and the sensory 
quality of foods as well as their nutritional and 
economic properties. Thus, hurdle technology aims 
to improve the total quality of foods by application 
of an intelligent mix of hurdles. Over the years the 
insight into the hurdle eflfect has been broadened and 
the application of hurdle technology was extended 
(Leistner and Gorris, 1994). 

In industrialized countries the hurdle technology 
approach is currently of most mterest for minimally 
processed foods which are mildly heated or fer- 
mented (Leistner, 2000), and for underpinning the 


microbial stability and safety of foods coming from 
fiiture lines, e.g., healthfiil foods with less fat and/or 
salt (Leistner, 1997) or advanced hiurdle-technology 
foods requiring only minimal packaging (Kentaro 
Ono, Snow Brand Tokyo, Japan, personal communi- 
cation, 1996; Leistner, 1996). For refiigerated fodds 
chill temperatures are the major and sometimes the 
only hurdle. However, if exposed to temperature 
abuse during distribution of the foods, this hurdle 
breaks down, and spoilage or food poisoning could 
happen. Therefore, additional hiu-dles should be 
incorporated as safeguards into chilled foods, using 
an approach called 'invisible technolo^' (Leistner, 
1999a). 

In developing countries the application of hurdle 
technology for foods that remain stable, safe, and 
tasty if stored without refiigeration is of paramount 
importance, and has made impressive strides, espe- 
cially in Latin America with the development of 
novel minimally processed, high-moisture fiiiit prod- 
ucts. However, much interest in intentional hurdle 
technology is also emerging for meat products in 
China as well as for dairy products in India. There is 
a general trend in developing countries to -move 
gradually away firom intermediate-moisture foods, 
because they are often too salty or too sweet and 
have a less appealing texture and appearance than 
high-moisture foods, and this goal could be achieved 
by the application of intelligent hurdle technology. 
TTie progress made in the use of advanced hurdle 
technology in Latin America, China, India, and 
Afiica has recentiy been reviewed by Leistner 
(1999b). 


3. Basic aspects 

Food preservation implies putting microorganisms 
in a hostile environment, in order to inhibit their 
growth or shorten their survival or cause their death. 
The feasible responses of microorganisms to this 
hostile environment determine whether they may 
grow or die. More research is needed in view of 
these responses; however, recent advances have been 
made by considering the homeostasis, metabolic 
exhaustion, and stress reactions of niicroorganisms in 
relation to hurdle technology, as well as by intro- 
ducing the novel concept of multitarget preservation 
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' for a gentle but most effective preservation of 
hxirdle-technology foods (Leistner, 1 995a,b). 

3. L' Homeostasis 

. Homeostasis is the tendency to uniforaiity and 
stability in the internal status of organisms. For 
instance, the maintenance of a defined pH is a 
prerequisite and feature of living cells, and this 
applies to higher organisms as well as to micro- 
organisms (Haussinger, 1988). Much is already 
known about homeostasis in higher organisms at the 
molecular, subcellular, cellular, and systemic levels 
in the fields of pharmacology and medicine (Hauss- 
inger, 1988). This knowledge should be transfered to 
microorganisms important for the poisoning and 
spoilage of foods. In food preservation the homeosta- 
sis of microorganisms is a key phenomenon which 
deserves much attention, because if the homeostasis 
of these microorganisms is disturbed by preservative 
factors (hurdles) in foods, they will not multiply, i.e. 
they remain in the lag-phase or even die, before 
homeostasis is repaired (re-estabhshed). Therefore, 
food preservation is achieved by disturbing the 
homeostasis of microorganisms in a food temporarily 
or permanently. Gould (1988, 1995) was the first to 
draw attention to the interference by the food with 
the homeostasis of the microorganisms present in 
this food, and more work in this direction is certainly 
warranted. 

3,2. Metabolic exhaustion 

Another phenomenon of practical importance is 
metabolic exhaustion of microorganisms, which 
could cause ^autosterilization' of a food. This was 
first observed in experiments with mildly heated 
(95°C core temperature) liver sausage adjusted to 
different water activities by the addition of salt and 
fat, and the product was inoculated with Clostridium 
sporogenes and stored at 37°C. Clostridial spores 
surviving the heat treatment vanished in the product 
during storage, if the products were stable (Leistner 
and Karan-Djiudjic, 1970). Later this behaviour of 
Clostridium md Bacillus spores was regularly ob- 
served during storage of shelf stable meat products 
(SSP), if these products were stored at ambient 
temperature (Leistner, 1994b). The most likely ex- 
planation is that bacterial spores which survive the 
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heat treatment are able to germinate in these foods 
under less favourable conditions than those under 
which vegetative bacteria are able to multiply (Leis- 
tner, 1992). Thus, the spore counts in stable hurdle- 
technology foods actually decrease diuing storage of 
the products, especially in unrefngerated foods. Also 
during studies in our laboratory with Chinese dried 
meat products the same behaviour of microorganisms 
was observed. If these meats were contaminated after 
processing with staphylococci, sahnonellae or yeasts, 
the counts of these microorganisms on stable prod- 
ucts decreased qxiite fast during unrefiigerated stor- 
age, especially on meats with a water activity close 
to the threshold for microbial growth. Latin Ameri- 
can researchers (Alzamora et al., 1995; Tapia de 
Daza et al., 1996) observed the same phenomenon in 
studies with high-moisture fiuit products, because 
the counts of a variety of bacteria, yeasts, and 
moulds which survived the mild heat treatment, 
decreased fast in the products during unrefirigerated 
storage, since the hurdles applied (pH, a^, sorbate, 
sulfite) did hot allow growth. 

A general explanation for this surprising behaviour 
might be that vegetative microorganisms which 
cannot grow will die, and they die more quickly if 
the stability is close to the threshold for growth, 
storage temperature is elevated, antimicrobials are 
present, and the microorganisms are sublethally 
injiured (Leistner, 1995a). Apparently, microorga- 
nisms in stable hurdle-technology foods strain every 
possible repair mechanisms for their homeostasis to 
overcome the hostile environment, by doing this they 
completely use up their energy and die, if they 
become metabolically exhausted. This leads to an 
autosterilization of such foods (Leistner, 1995b). 
Due to autosterilization hurdle-technology foods, 
which are microbiologicaUy stable, become more 
safe during storage, especially at ambient tempera- 
tures. For example, sahnonellae that survive the 
ripening process in fermented sausages will vanish 
more quickly if the products are stored at ambient 
temperature, and they will survive longer and pos- 
sibly cause foodbome illness if the products are 
stored under refrigeration (Leistner, 1995a). It is also 
well known that salmonellae survive in mayonnaise 
at chill temperatures much better than at ambient 
temperatures. Unilever laboratories at Vlaardingen 
have confirmed metabolic exhaustion in water-in-oil 
emulsions (resembling margarine) inoculated with 
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Listeria innocua. In these products listeria vanished 
faster at ambient temperature (25**C) than under 
refrigeration {TC% at pH 4.25 > pH 4.3 > pH 6.0, in 
fine emulsions more quickly than in coarse emul- 
sions, under anaerobic conditions more quickly than 
under aerobic conditions. From these experiments it 
has been concluded that metabolic exhaustion is 
accelerated if more hiu'dles are present, and this 
might be caused by increasing energy demands to 
maintain internal homeostasis imder stress conditions 
(P.F. ter Steeg, personal communication, 1995). 
Thus, it could be concluded that refrigeration is not 
always beneficial for the microbial safety and stabili- 
ty of foods. However, this is only true if the hurdles 
present in a food inhibit the growth of microorga- 
nisms also without refirigeration, if this is not the 
case then refiigeration is beneficial. Certainly, the 
survival of microorganisms in stable hurdle-technol- 
ogy foods is much shorter without refingeration. 

, 3 J, Stress reactions 

Some bacteria become more resistant or even 
more virulent under stress, since they generate stress 
shock proteins. The synthesis of protective stress 
shock proteins is induced by heat, pH, a^, ethanol, 
oxidative compounds, etc. as well as by starvation. 
Stress reactions might have a non-specific effect, 
since due to a particular stress microorganisms 
become also more tolerant to other stresses, i.e. they 
acquire a *cross-tolerance\ The various responses of 
microorganisms imder stress might hamper food 
preservation and could turn out to be problematic for 
the application of hiu-dle technology. On the other 
hand, the activation of genes for the synthesis of 
stress shock proteins, which help organisms to cope 
with stress situations, should be more difficult if 
different stresses are received at the same time. 
Simultaneous exposure to different stresses will 
require energy-consxmiing synthesis of several or at 
least much more protective stress shock proteins, 
which in turn may cause the microorganisms to 
become metabolically exhausted. Therefore, multi- 
target preservation of foods could be the key to 
avoiding synthesis of stress shock proteins, which 
otherwise could jeopardize the microbial stability 
and safety of hurdle-technology foods (Leistner, 
1995b). 
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3.4. Multitarget preservation 

The concept of multitarget preservation of foods 
has been introduced recently by Leistner (1995a,b). 
Multitarget preservation of foods should be the 
ambitious goal for a gentle but most effective 
preservation of foods (Leistner, 1995b). It has been 
suspected for some time that different hurdles in a 
food might not have just an additive effect on 
microbial stability, but they could act synergistically 
(Leistner, 1978). A synergistic effect could be 
achieved if the hiurdles in a food hit, at the same 
time, different targets (e.g., cell membrane, DNA, 
enzyme systems, pH, a^, Eh) within the microbial 
cells and thus disturb the homeostasis of the micro- 
organisms present in several respects. If so, the 
repair of homeostasis as well as the activation of 
stress shock proteins become more difficult (Leis- 
tner, 1995a). Therefore, employing simultaneously 
different hiurdles in the preservation of a particular 
food should lead to optimal microbial stability. In 
practical terms, this could mean that it is more 
effective to employ different preservative factors 
(hurdles) of small intensity than one preservative 
factor of larger intensity, because different preserva- 
tive factors might have a synergistic effect (Leistner, 
1994a). 

It is anticipated that the targets in microorganisms 
of different preservative factors for foods will be 
elucidated, and that hiu-dles could then be grouped in 
classes according to their targets. A mild and effec- 
tive preservation of foods, i.e. a synergistic effect of 
hurdles, is likely if the preservation measures are 
based on intelligent selection and combination of 
hurdles taken from different target classes (Leistner, 
1995a). This approach is probably not only valid for 
traditional food-preservation procedures, but as well 
for modem processes such as food irradiation, ultra- 
high pressure, pulsed technologies (Barbosa-Canovas 
et al., 1998). Food microbiologists could learn from 
pharmacologists, because the mechanisms of action 
of biocides have been studied extensively in the 
medical field. At least 12 classes of biocides are 
already known which have different targets, and 
sometimes more than one, within the microbial cell. 
Often the cell membrane is the primary target, 
becoming leaky and disrupting the organism, but 
biocides also impair the synthesis of enzymes, 
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proteins, and DNA (Denyer and Hugo, 1991). Multi- 
drug attack has proven successful in the medical field 
to fight bacterial infections (e.g., tuberculosis) as well 
as viral mfections (e.g., AIDS), and thus a multi- 
target attack on microorganisms should also be a 
promising approach in food microbiology (Leistner, 
1995b). 


4. Conclusions 

The physiological responses of microorganisms 
during food preservation (i.e., their homeostasis, 
metabolic exhaustion, and stress reactions) are the 
basis for the application of advanced hurdle technol- 
ogy. The disturbance of the homeostasis of micro- 
organisnfis is the key phenomenon of food preserva- 
tion. Microbial stress reactions may complicate food 
preservation, whereas the metabolic exhaustion of 
microorganisms present in stable hurdle-technology 
foods could foster food preservation. The novel and 
ambitious goal for an optimal food preservation is 
the multitarget preservation of foods, in which 
intelligently applied gentle hurdles will have a 
synergistic effect. After the targets of different 
preservative factors within the microbial cells have 
been elucidated, and this should become definitely a 
major research topic in the fiiture, preservation of 
foods could progress far beyond the state-of-the-art 
of the hurdle technology approach as we know it 
today. 
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